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♣❛rt✐❝✐♣❛♥ts ❛t ❈❘❊■ ▼❛❝r♦❡❝♦♥♦♠✐❝s ▲✉♥❝❤ ❢♦r t❤❡✐r s✉❣❣❡st✐♦♥s ❛♥❞ ❝♦♠♠❡♥ts✳ ❚❤❡ ✈✐❡✇s ❡①♣r❡ss❡❞ ✐♥ t❤✐s ❛rt✐❝❧❡ ❛r❡
t❤♦s❡ ♦❢ t❤❡ ❛✉t❤♦rs ❛♥❞ ❞♦ ♥♦t ♥❡❝❡ss❛r✐❧② r❡✢❡❝t t❤♦s❡ ♦❢ t❤❡ ❈❡♥tr❛❧ ❇❛♥❦ ♦❢ P❛r❛❣✉❛②✳
❈♦rr❡s♣♦♥❞✐♥❣ ❛✉t❤♦r✿ ❙❡❜❛st✐❛♥ ❉✐③✱ ❈❡♥tr❛❧ ❇❛♥❦ ♦❢ P❛r❛❣✉❛②✱ ❋❡❞❡r❛❝✐♦♥ ❘✉s❛ ② ❆✉❣✉st♦ ❘♦❛ ❇❛st♦s✱ ❆s✉♥❝✐♦♥
✶✼✻✼✱ P❛r❛❣✉❛②✱ ❊✲♠❛✐❧✿ s♠✳❞✐③♣❅❣♠❛✐❧✳❝♦♠
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✐t ❣r♦✇s✱ ✇✐t❤ t❤❡ s❤❛r❡ ♦❢ ❛❣r✐❝✉❧t✉r❛❧ ♦✉t♣✉t ❢❛❧❧✐♥❣ ❛s t❤❡ ❝♦✉♥tr② ❞❡✈❡❧♦♣s✳✶ ❈❤❛♥❣❡s ✐♥ s❡❝t♦r❛❧
❝♦♠♣♦s✐t✐♦♥ ❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② ❛❣❡♥ts✬ ♣r❡❢❡r❡♥❝❡s ❢❡❛t✉r✐♥❣ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t②✱ r❡s✉❧t✐♥❣ ❢r♦♠ t❤❡
❡①✐st❡♥❝❡ ♦❢ ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r ❢♦♦❞✱ ✇❤✐❝❤ ❤♦✉s❡❤♦❧❞s ♥❡❡❞ t♦ s❛t✐s❢② ❢♦r s✉❜✲
s✐st❡♥❝❡✳✷ ❲❤✐❧❡ t❤❡ ✉s❡ ♦❢ t❤✐s t②♣❡ ♦❢ ♣r❡❢❡r❡♥❝❡s ✐s ✇✐❞❡❧② ❡①t❡♥❞❡❞ ✐♥ t❤❡ ❣r♦✇t❤ ❧✐t❡r❛t✉r❡✱ ✐t ❤❛s
♦♥❧② r❡❝❡✐✈❡❞ ❧✐♠✐t❡❞ ❛tt❡♥t✐♦♥ ✐♥ ✇♦r❦ ✐♥✈❡st✐❣❛t✐♥❣ t❤❡ ❜✉s✐♥❡ss ❝②❝❧❡✱✸ ❛♥❞ ✇✐t❤✐♥ ✐t✱ t❤❡ ♠♦♥❡t❛r②
♣♦❧✐❝② ❧✐t❡r❛t✉r❡✳ ❨❡t✱ t❤❡ ❛ss✉♠♣t✐♦♥ t❤❛t ❢❛♠✐❧✐❡s ❤❛✈❡ ♥❡❡❞ ♦❢ ❝♦✈❡r✐♥❣ ❛ ♠✐♥✐♠✉♠ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥
❧❡✈❡❧ ❛♣♣❡❛rs s❡♥s✐❜❧❡ ❛♥❞✱ ♠♦r❡♦✈❡r✱ r❡❝❡✐✈❡s s✉♣♣♦rt ❢r♦♠ ❡♠♣✐r✐❝❛❧ ✇♦r❦✳ ■♥ ❡✛❡❝t✱ ❍❡rr❡♥❞♦r❢ ❡t ❛❧✳
✭✷✵✶✸✮ ✜♥❞ t❤❛t ♣r❡❢❡r❡♥❝❡s ✐♥❝♦r♣♦r❛t✐♥❣ ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r ❢♦♦❞ ♣r♦✈✐❞❡ ❛ ❣♦♦❞
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t❤❛t ❝♦♠❜✐♥❡s ❢❡❛t✉r❡s ❢r♦♠ t❤❡ str✉❝t✉r❛❧ ❝❤❛♥❣❡ ❛♥❞ t❤❡ ◆❡✇ ❑❡②♥❡s✐❛♥ ❧✐t❡r❛t✉r❡✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱
✇❡ ❝♦♥s✐❞❡r ❛♥ ❡❝♦♥♦♠② ✇✐t❤ t✇♦ s❡❝t♦rs✿ ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞✳ ■♥ t❤❡ ♠♦❞❡❧✱ ❛s ❛ r❡s✉❧t ♦❢ t❤❡ ✐♥tr♦✲
❞✉❝t✐♦♥ ♦❢ ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r t❤❡ ❢♦r♠❡r✱ ❢♦♦❞ ❞❡♠❛♥❞ ❤❛s ❛♥ ✐♥❝♦♠❡ ❡❧❛st✐❝✐t②
t❤❛t ✐s ❧♦✇❡r t❤❛♥ ♦♥❡✱ ✐♠♣❧②✐♥❣ t❤❛t ❤♦✉s❡❤♦❧❞s✬ ❛✈❡r❛❣❡ ❛♥❞ ♠❛r❣✐♥❛❧ ❡①♣❡♥❞✐t✉r❡ ❝♦♠♣♦s✐t✐♦♥ ❞✐✛❡r✱
❛♥❞ ♣r✐❝❡ ❡❧❛st✐❝✐t② ✐s ♥♦♥✲✉♥✐t❛r②✳ ❘❡❣❛r❞✐♥❣ t❤❡ ◆❡✇ ❑❡②♥❡s✐❛♥ ❢❡❛t✉r❡s ♦❢ t❤❡ ♠♦❞❡❧✱ ✇❡ ❝♦♥s✐❞❡r ❛♥
❡❝♦♥♦♠② ✇✐t❤ st✐❝❦② ♣r✐❝❡s ✐♥ ❜♦t❤ ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞ ❛♥❞ ✢❡①✐❜❧❡ ✇❛❣❡s✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❛ss✉♠❡ t❤❡r❡
✐s ♣❡r❢❡❝t ❧❛❜♦r ♠♦❜✐❧✐t② ❛❝r♦ss s❡❝t♦rs✳
❲❡ ✜♥❞ t❤❛t t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r ❢♦♦❞ ❛❧t❡rs t❤❡ ♦♣t✐♠❛❧
♠❡❛s✉r❡ ♦❢ ✐♥✢❛t✐♦♥ t❤❛t t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t② s❤♦✉❧❞ t❛r❣❡t✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t②
r❡s✉❧ts ✐♥ ❛ r❡❞✉❝❡❞ ✇❡✐❣❤t ♦♥ ❢♦♦❞ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ ♦♣t✐♠❛❧ ✐♥❞❡①✳ ❲❡ ✐❞❡♥t✐❢② t❤r❡❡ ♠♦t✐✈❡s ❢♦r s✉❝❤
♣♦❧✐❝② ♣r❡s❝r✐♣t✐♦♥✳ ❋✐rst✱ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s t✉r♥ t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♦❢ ❢♦♦❞ ✐♥✢❛t✐♦♥ ♠♦r❡ ❝♦st❧②✱
❛s ✐t r❡q✉✐r❡s ❧❛r❣❡r ❞❡✈✐❛t✐♦♥s ♦❢ ♦✉t♣✉t ❢r♦♠ t❤❡ ❡✣❝✐❡♥t ❧❡✈❡❧✳ ❙❡❝♦♥❞✱ ♣r♦①✐♠✐t② t♦ t❤❡ s✉❜s✐st❡♥❝❡
❧❡✈❡❧ ✐♠♣❧✐❡s ❛ ❧♦✇ ✐♥❝♦♠❡ ❡❧❛st✐❝✐t② ✐♥ t❤❡ ❞❡♠❛♥❞ ❢♦r ❢♦♦❞✳ ❚❤✐s tr❛♥s❧❛t❡s ✐♥t♦ ❛ r❡❞✉❝❡❞ s❧♦♣❡ ♦♥
❛❣❣r❡❣❛t❡ ♦✉t♣✉t ✐♥ t❤❡ P❤✐❧❧✐♣s ❝✉r✈❡ ❢♦r ❢♦♦❞ ✐♥✢❛t✐♦♥✳ ❆s ❛ ❝♦♥s❡q✉❡♥❝❡✱ ❛ ♠♦r❡ ❛❣❣r❡ss✐✈❡ ♣♦❧✐❝②
✐s r❡q✉✐r❡❞ t♦ ❝♦♥tr♦❧ ✐♥✢❛t✐♦♥ ✐♥ t❤✐s s❡❝t♦r✱ ✇❤✐❝❤ ✐♠♣♦s❡s ❝♦sts ❛s ❛ str♦♥❣❡r r❡s♣♦♥s❡ ♦❢ t❤❡ ❝❡♥tr❛❧
❜❛♥❦ ❝❛♥ ❞❡st❛❜✐❧✐③❡ t❤❡ r❡st ♦❢ t❤❡ ❡❝♦♥♦♠②✳ ❚♦ ♣✉t ✐t ✐♥ s✐♠♣❧❡ ✇♦r❞s✱ s✐♥❝❡ t❤❡ ❞❡♠❛♥❞ ❢♦r ❢♦♦❞ ✐s
✈❡r② ✐♥s❡♥s✐t✐✈❡ t♦ ♠♦♥❡t❛r② ♣♦❧✐❝② ✇❤❡♥ ✐ts ❝♦♥s✉♠♣t✐♦♥ ✐s ❝❧♦s❡ t♦ s✉❜s✐st❡♥❝❡✱ ✐♥✢❛t✐♦♥ ✐♥ t❤✐s s❡❝t♦r
❜❡❝♦♠❡s ❞✐✣❝✉❧t t♦ ❝♦♥tr♦❧✱ r❡♥❞❡r✐♥❣ ✐ts st❛❜✐❧✐③❛t✐♦♥ ♦✈❡r❧② ❝♦st❧②✳ ❋✐♥❛❧❧②✱ ❛♥ ❛❞❞✐t✐♦♥❛❧ ❝❤❛♥♥❡❧
✶❙❡❡ ❍❡rr❡♥❞♦r❢ ❡t ❛❧✳ ✭✷✵✶✹✮ ❢♦r ❛ r❡✈✐❡✇ ♦❢ t❤❡ str✉❝t✉r❛❧ ❝❤❛♥❣❡ ❧✐t❡r❛t✉r❡✳
✷❚❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r ❢♦♦❞ ✐♠♣❧✐❡s t❤❛t ✐ts ❞❡♠❛♥❞ ❤❛s ❛♥ ✐♥❝♦♠❡ ❡❧❛st✐❝✐t② t❤❛t ✐s ❧♦✇❡r t❤❛♥
♦♥❡✳ ❍❡♥❝❡✱ ❛s t❤❡ ❡❝♦♥♦♠② ❣r♦✇s t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞ ✐♥ t♦t❛❧ ❡①♣❡♥❞✐t✉r❡ ❞❡❝r❡❛s❡s✳
✸◆♦t❛❜❧❡ ❡①❝❡♣t✐♦♥s ❛r❡ ❉❛✲❘♦❝❤❛ ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❘✉❜✐♥✐ ❡t ❛❧✳ ✭✷✵✶✾✮ ❛♥❞ ❙t♦r❡s❧❡tt❡♥ ❡t ❛❧✳ ✭✷✵✶✾✮✳
✷
r❡❧❛t❡s t♦ t❤❡ ❡✛❡❝t ♦❢ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ♦♥ t❤❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ♠❛r❣✐♥❛❧ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✳ ❲❡
✇✐❧❧ s❡❡ t❤❛t s✉❝❤ ♣r❡❢❡r❡♥❝❡s ✐♠♣❧② t❤❛t ❤♦✉s❡❤♦❧❞s s♣❡♥❞ ♦♥❧② ❛ s♠❛❧❧ s❤❛r❡ ♦❢ ❛♥② ❛❞❞✐t✐♦♥❛❧ ✐♥❝♦♠❡
♦♥ ❢♦♦❞✳ ❆s ❢♦♦❞ ♣r✐❝❡s ♦♥❧② ❛✛❡❝t ❢♦♦❞ ❞❡♠❛♥❞✱ ✇❤✐❝❤ ❤❛s ❛ r❡❞✉❝❡❞ ♣❛rt✐❝✐♣❛t✐♦♥ ✐♥ t❤❡ ♠❛r❣✐♥❛❧
❜❛s❦❡t✱ ✐t ❢♦❧❧♦✇s t❤❛t ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ t✉r♥s ♠♦r❡ ✉♥r❡s♣♦♥s✐✈❡ t♦ ✐ts ❡✈♦❧✉t✐♦♥✳ ❚❤❡♥✱ r❡❛❝t✐♥❣ t♦
✐♥✢❛t✐♦♥ ✐♥ t❤✐s s❡❝t♦r ❜❡❝♦♠❡s ❧❡ss r❡❧❡✈❛♥t✳
■♠♣♦rt❛♥t❧②✱ ♦✉r r❡s✉❧ts ♣r♦✈✐❞❡ ❛ r❛t✐♦♥❛❧❡ ❢♦r ❛ t❛r❣❡t ✐♥❞❡① t❤❛t ❡①❝❧✉❞❡s ✭♦r ❛tt❛❝❤❡s ❛ ❧✐♠✐t❡❞
✇❡✐❣❤t t♦✮ ❢♦♦❞ ✐♥✢❛t✐♦♥✳ ❊①❝❧✉❞✐♥❣ ❢♦♦❞ ♣r✐❝❡s ❢r♦♠ t❤❡ t❛r❣❡t ❝♦♥st✐t✉t❡s ❛ ✉s✉❛❧ ♣r❛❝t✐❝❡ ❛♠♦♥❣st
❝❡♥tr❛❧ ❜❛♥❦❡rs ✭s❡❡ ❢♦r ✐♥st❛♥❝❡ ❲②♥♥❡ ✭✷✵✵✽✮✮ ❛♥❞ ✐s ❥✉st✐✜❡❞ ♦♥ t❤❡ ❣r♦✉♥❞ ♦❢ t❤❡ ❤✐❣❤ ✈♦❧❛t✐❧✐t② t❤❛t
❝❤❛r❛❝t❡r✐③❡s t❤❡♠✳✹ ❚❤❡♦r❡t✐❝❛❧ r❡s❡❛r❝❤ ♣r♦✈✐❞❡s s✉♣♣♦rt t♦ t❤❛t ♣♦❧✐❝② ❜② s✉❣❣❡st✐♥❣ t❤❛t ❝❡♥tr❛❧
❜❛♥❦s s❤♦✉❧❞ r❡❛❝t ♦♥❧② t♦ ✐♥✢❛t✐♦♥ ♦❢ ❣♦♦❞s ✇❤♦s❡ ♣r✐❝❡s ❛r❡ r✐❣✐❞ ✭❡✳❣✳✱ ❆♦❦✐ ✭✷✵✵✶✮✮✳ ❚❤❡ r❡❛s♦♥ ❢♦r
s✉❝❤ ♣r❡s❝r✐♣t✐♦♥ ✐s t❤❛t✱ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ♣r✐❝❡s ❜❡✐♥❣ r✐❣✐❞✱ t❤❡r❡ ✐s ❛ ♣♦s✐t✐✈❡ ❧✐♥❦ ❜❡t✇❡❡♥ ✐♥✢❛t✐♦♥ ❛♥❞
♣r✐❝❡ ❞✐s♣❡rs✐♦♥✱ t❤❡ ❧❛tt❡r ❝♦♥st✐t✉t✐♥❣ ❛ s♦✉r❝❡ ♦❢ ✇❡❧❢❛r❡ ❧♦ss❡s✳ ❨❡t✱ ❡♠♣✐r✐❝❛❧ st✉❞✐❡s ❝❤❛❧❧❡♥❣❡ t❤❛t
♣♦s✐t✐✈❡ ❧✐♥❦ ✭❡✳❣✳✱ ◆❛❦❛♠✉r❛ ❡t ❛❧✳ ✭✷✵✶✽✮✱ ❙❤❡r❡♠✐r♦✈ ✭✷✵✶✾✮✮✳ ❇r♦❦❡♥ t❤❡ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ✐♥✢❛t✐♦♥
❛♥❞ ♣r✐❝❡ ❞✐s♣❡rs✐♦♥✱ t❤❡ ✉s✉❛❧ r❡❝♦♠♠❡♥❞❛t✐♦♥ ♦❢ ❞✐sr❡❣❛r❞✐♥❣ ♣r✐❝❡s ❢r♦♠ t❤❡ t❛r❣❡t ❜❛s❡❞ ♦♥ t❤❡✐r
✢❡①✐❜✐❧✐t② ❝❡❛s❡ t♦ ❜❡ ✈❛❧✐❞✳ ❇❛s❡❞ ♦♥ ♦✉r r❡s✉❧ts✱ ✇❡ ♣r♦✈✐❞❡ ❛ ♥❡✇✱ ❛❧t❡r♥❛t✐✈❡✱ r❛t✐♦♥❛❧❡ ❢♦r ❡①❝❧✉❞✐♥❣
❢♦♦❞ ✐♥✢❛t✐♦♥ ❢r♦♠ t❤❡ t❛r❣❡t ✐♥❞❡①✱ ♦♥❡ t❤❛t ❞♦❡s ♥♦t r❡❧② ♦♥ t❤❡ ✢❡①✐❜❧❡ ♥❛t✉r❡ ♦❢ t❤❡s❡ ♣r✐❝❡s✳
❘❡❣❛r❞✐♥❣ t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ ♦♣t✐♠❛❧ ♠♦♥❡t❛r② ♣♦❧✐❝② ✐♥ ❛ ♠✉❧t✐s❡❝t♦r ❡❝♦♥♦♠②✱ ❆♦❦✐ ✭✷✵✵✶✮ ♣r♦✈✐❞❡s
♦♥❡ ♦❢ t❤❡ ❝❧❛ss✐❝❛❧ r❡s✉❧ts✳ ❯s✐♥❣ ❛ ♠♦❞❡❧ ✇❤❡r❡ ♦♥❡ ♦❢ t❤❡ s❡❝t♦rs ❤❛s st✐❝❦② ♣r✐❝❡s ✇❤✐❧❡ t❤❡ ♦t❤❡r ✐s
❝❤❛r❛❝t❡r✐③❡❞ ❜② ♣r✐❝❡ ✢❡①✐❜✐❧✐t②✱ ❤❡ ✜♥❞s t❤❛t st❛❜✐❧✐③✐♥❣ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ ❢♦r♠❡r ✐s s✉✣❝✐❡♥t t♦ ❛❝❤✐❡✈❡
t❤❡ ❡✣❝✐❡♥t ❛❧❧♦❝❛t✐♦♥✳ ❚❤✐s ❛♥❛❧②s✐s ✇❛s ❡①♣❛♥❞❡❞ ✐♥ ▼❛♥❦✐✇ ❛♥❞ ❘❡✐s ✭✷✵✵✸✮✳ ■♥ t❤❛t ♣❛♣❡r✱ t❤❡
❛✉t❤♦rs ❛s❦ ✇❤❛t ✐s t❤❡ ♠❡❛s✉r❡ ♦❢ ✐♥✢❛t✐♦♥ t❤❛t ❝❡♥tr❛❧ ❜❛♥❦s s❤♦✉❧❞ t❛r❣❡t ✐♥ ♦r❞❡r t♦ st❛❜✐❧✐③❡ t❤❡
❡❝♦♥♦♠②✳ ❚❤❡② ❡st❛❜❧✐s❤ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♣r✐❝❡ ✐♥❞❡① ❛♥❞ t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♣r✐❝❡
✐♥❞❡①✳ ❚❤❡ ❢♦r♠❡r ✐s ✇❡✐❣❤t❡❞ ❜② t❤❡ s❤❛r❡ ♦❢ ❡❛❝❤ ❣♦♦❞ ✐♥ t❤❡ ❜✉❞❣❡t ♦❢ ❝♦♥s✉♠❡rs ❛♥❞ ✐s ✉s❡❞ t♦
♠❡❛s✉r❡ t❤❡ ❝♦st ♦❢ ❧✐✈✐♥❣✳ ❚❤❡ ❧❛tt❡r ❤❛s ❛♥ ❡♥t✐r❡❧② ❞✐✛❡r❡♥t ♣✉r♣♦s❡✳ ■t ❛ss✐❣♥s ✇❡✐❣❤ts s✉❝❤ t❤❛t
❝❡♥tr❛❧ ❜❛♥❦s ❝❛♥ ❛tt❛✐♥ t❤❡ ♠❛①✐♠✉♠ st❛❜✐❧✐t② ♦❢ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t②✳ ❚❤❡✐r r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t ❝❡♥tr❛❧
❜❛♥❦s s❤♦✉❧❞ ✇❡✐❣❤t ❛ s❡❝t♦r ✐♥ t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♣r✐❝❡ ✐♥❞❡① ❣✐✈❡♥ ✐ts ❝❤❛r❛❝t❡r✐st✐❝s✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡ ♥♦t
♦♥❧② ♣r✐❝❡ st✐❝❦✐♥❡ss✱ ❜✉t s✐③❡✱ ❝②❝❧✐❝❛❧ s❡♥s✐t✐✈✐t② ❛♥❞ ♠❛❣♥✐t✉❞❡ ♦❢ s❡❝t♦r❛❧ s❤♦❝❦s✳ ■♥ ❇❡♥✐❣♥♦ ✭✷✵✵✹✮✱
t❤❡ ♦♣t✐♠❛❧ ♠♦♥❡t❛r② ♣♦❧✐❝② ✐♥ ❛ t✇♦ r❡❣✐♦♥ ❡❝♦♥♦♠② ✐s st✉❞✐❡❞✳ ❍❡ ✜♥❞s t❤❛t✱ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ t❤❡ ❞❡❣r❡❡
♦❢ ♣r✐❝❡ st✐❝❦✐♥❡ss ❜❡✐♥❣ t❤❡ s❛♠❡ ❛❝r♦ss r❡❣✐♦♥s✱ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❝❛♥ r❡♣❧✐❝❛t❡ t❤❡ ♦♣t✐♠❛❧ ♦✉t❝♦♠❡
❜② ❢✉❧❧② st❛❜✐❧✐③✐♥❣ ❛ ✇❡✐❣❤t❡❞ ❛✈❡r❛❣❡ ♦❢ r❡❣✐♦♥❛❧ ✐♥✢❛t✐♦♥s✱ ✇✐t❤ t❤❡ ✇❡✐❣❤ts ❝♦✐♥❝✐❞✐♥❣ ✇✐t❤ t❤❡ s✐③❡
♦❢ t❤❡ r❡❣✐♦♥s✳ ■♥st❡❛❞✱ ✐❢ t❤❡ ❞❡❣r❡❡ ♦❢ r✐❣✐❞✐t✐❡s ✐s ❞✐✛❡r❡♥t✱ ❛ ❤✐❣❤❡r ✇❡✐❣❤t s❤♦✉❧❞ ❜❡ ❛ss✐❣♥❡❞ t♦ t❤❡
r❡❣✐♦♥ ✇✐t❤ ❛ ❤✐❣❤❡r ❞❡❣r❡❡ ♦❢ st✐❝❦✐♥❡ss✳
▼♦r❡ ❝❧♦s❡❧② r❡❧❛t❡❞ t♦ ♦✉r ✇♦r❦✱ ❆♥❛♥❞ ❡t ❛❧✳ ✭✷✵✶✺✮ ❛♥❞ P♦rt✐❧❧♦ ❡t ❛❧✳ ✭✷✵✶✻✮ ❛♥❛❧②③❡ ♠♦♥❡t❛r②
♣♦❧✐❝② ✐♥ ❛ ♠✉❧t✐s❡❝t♦r ❡❝♦♥♦♠② t❤❛t ✐♥❝♦r♣♦r❛t❡s ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r ❢♦♦❞✳ ■♥
✹❚❤❡ tr❛♥s✐t♦r②✱ s✉♣♣❧② ❞r✐✈❡♥ ♥❛t✉r❡ ♦❢ ❢♦♦❞ ♣r✐❝❡ ❞❡✈❡❧♦♣♠❡♥ts ✐s ♦❢t❡♥ ♥♦t❡❞ ❛s ❛ ♠♦t✐✈❡ t♦ ❡①❝❧✉❞❡ t❤❡♠ ❢r♦♠
❝❡♥tr❛❧ ❜❛♥❦s✬ t❛r❣❡t ✐♥❞❡① ✭▼✐s❤❦✐♥ ✭✷✵✵✼✮✱ ▼✐s❤❦✐♥ ✭✷✵✵✽✮✮✳
✸
t❤❡ ❢♦r♠❡r✱ t❤❡ ❛✉t❤♦rs ❝♦♥s✐❞❡r s❡❣♠❡♥t❡❞ ❧❛❜♦r ❛♥❞ ✐♥❝♦♠♣❧❡t❡ ❝r❡❞✐t ♠❛r❦❡ts✳ ❚❤❛t ✐s✱ ✇♦r❦❡rs
❝❛♥♥♦t ♠♦✈❡ ❛❝r♦ss s❡❝t♦rs ✐♥ t❤❡ ❡❝♦♥♦♠②✱ ✇❤✐❧❡ ❤♦✉s❡❤♦❧❞s ✐♥ t❤❡ ❢♦♦❞ s❡❝t♦r ❞♦ ♥♦t ❤❛✈❡ ❛❝❝❡ss t♦
❜❛♥❦✐♥❣ s❡r✈✐❝❡s✳ ❚❤❡② ✜♥❞ t❤❛t✱ ✉♥❞❡r ✐♥❝♦♠♣❧❡t❡ ♠❛r❦❡ts✱ ✐t ✐s ♦♣t✐♠❛❧ ❢♦r t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ t♦ t❛r❣❡t
❤❡❛❞❧✐♥❡ ✐♥✢❛t✐♦♥ ❛❢t❡r ❛ ♥❡❣❛t✐✈❡ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦ ✐♥ t❤❡ ❢♦♦❞✱ ✢❡①✐❜❧❡ ♣r✐❝❡✱ s❡❝t♦r✳ ❚❤❡ r❡❛s♦♥ ✐s
t❤❛t s✉❝❤ ❛ s❤♦❝❦ ✐♥❝r❡❛s❡s t❤❡ ❧❛❜♦r ✐♥❝♦♠❡ ♦❢ ❤♦✉s❡❤♦❧❞s ✐♥ t❤✐s s❡❝t♦r ✭❞✉❡ t♦ ❛ r✐s❡ ✐♥ t❤❡ r❡❧❛t✐✈❡
♣r✐❝❡ ♦❢ ❢♦♦❞✮✳ ❚❤✐s ✐♥ t✉r♥ ❛✛❡❝ts ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ♣♦s✐t✐✈❡❧②✳ ❚♦ ❝✉r❜ ❞❡♠❛♥❞ ❛♥❞ ♣r✐❝❡ ✈♦❧❛t✐❧✐t②✱
t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ♠✉st ✐♥❝❧✉❞❡ ❢♦♦❞ ♣r✐❝❡s ✐♥ ✐ts t❛r❣❡t✳ ◆♦t❛❜❧②✱ t❤❡ ♣♦❧✐❝② ♣r❡s❝r✐♣t✐♦♥ ♣✉t ❢♦r✇❛r❞ ✐♥
❆♥❛♥❞ ❡t ❛❧✳ ✭✷✵✶✺✮ ❢♦r ❛♥ ❡❝♦♥♦♠② ❝❤❛r❛❝t❡r✐③❡❞ ❜② ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ✐s ❛t ❝♦♥tr❛st ✇✐t❤
t❤❡ ❝♦♥❝❧✉s✐♦♥s ✐♥ ♦✉r ♣❛♣❡r✳ P♦rt✐❧❧♦ ❡t ❛❧✳ ✭✷✵✶✻✮ ❢♦r t❤❡✐r ♣❛rt ❝♦♥s✐❞❡r ❛ t✇♦ s❡❝t♦r ♠♦❞❡❧✱ ❢❡❛t✉r✐♥❣
❛ ❢♦♦❞ s❡❝t♦r ✇✐t❤ ✢❡①✐❜❧❡ ♣r✐❝❡s ❛♥❞ ❛ ♥♦♥❢♦♦❞ s❡❝t♦r ✇✐t❤ st✐❝❦② ♣r✐❝❡s✳ ❚❤❡✐r ✜♥❞✐♥❣s ✐♥❞✐❝❛t❡ t❤❛t
♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ❞♦❡s ♥♦t ❛❧t❡r t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ♣r❡s❝r✐♣t✐♦♥✱ s✐♥❝❡ st✐❝❦② ♣r✐❝❡ ✐♥✢❛t✐♦♥ t❛r❣❡t✐♥❣
r❡♠❛✐♥s ♦♣t✐♠❛❧ ✇❤❡♥ ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ✐s ✐♥❝❧✉❞❡❞✳ ❆s ♦♣♣♦s❡❞ t♦ P♦rt✐❧❧♦ ❡t ❛❧✳
✭✷✵✶✻✮✱ ✇❡ st✉❞② ❛♥ ❡❝♦♥♦♠② ✇❤❡r❡ ♣r✐❝❡s ❛r❡ st✐❝❦② ✐♥ ❜♦t❤ ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞✳✺ ❆s ✇❡ ✇✐❧❧ s❡❡✱ ♦✉r
❛ss✉♠♣t✐♦♥ ✐♥tr♦❞✉❝❡s ❛ tr❛❞❡✲♦✛ ❢♦r t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t②✱ ✇❤✐❝❤ t✉r♥s t❤❡ ❡①✐st❡♥❝❡ ♦❢ s❡❝t♦r s♣❡❝✐✜❝
♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥ts ♥♦♥✲tr✐✈✐❛❧✱✻ t❤✉s ❞❡♣❛rt✐♥❣ ❢r♦♠ t❤❡✐r r❡s✉❧ts✳
❋✐♥❛❧❧②✱ ●❛❧❡s✐ ❛♥❞ ❘❛❝❤❡❞✐ ✭✷✵✶✻✮ st✉❞② t❤❡ ❡✛❡❝t ♦❢ str✉❝t✉r❛❧ ❝❤❛♥❣❡ ♦♥ t❤❡ tr❛♥s♠✐ss✐♦♥ ♦❢
♠♦♥❡t❛r② ♣♦❧✐❝②✳ ❚❤❡② ❛r❣✉❡ t❤❛t str✉❝t✉r❛❧ ❝❤❛♥❣❡ ✐s ❛❝❝♦♠♣❛♥✐❡❞ ❜② ❛ ♣r♦❝❡ss ♦❢ s❡r✈✐❝❡s ❞❡❡♣❡♥✐♥❣✱
t❤❛t ✐s✱ ❜♦t❤ ♠❛♥✉❢❛❝t✉r✐♥❣ ❛♥❞ s❡r✈✐❝❡s ❜❡❝♦♠❡ ♠♦r❡ ✐♥t❡♥s✐✈❡ ✐♥ ✐♥♣✉ts ❢r♦♠ t❤❡ s❡r✈✐❝❡ s❡❝t♦r✳
❚❤❡② ❛❧s♦ ❛r❣✉❡ t❤❛t ♣r✐❝❡s ✐♥ s❡r✈✐❝❡s ❛r❡ ♠♦r❡ st✐❝❦② t❤❛♥ ✐♥ ♠❛♥✉❢❛❝t✉r✐♥❣✳ ❚❤❡r❡❢♦r❡✱ str✉❝t✉r❛❧
tr❛♥s❢♦r♠❛t✐♦♥ ❢r♦♠ ♠❛♥✉❢❛❝t✉r✐♥❣ t♦ s❡r✈✐❝❡s ❞❛♠♣❡♥s t❤❡ r❡s♣♦♥s❡ ♦❢ ❛❣❣r❡❣❛t❡ ❛♥❞ s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥
t♦ ♠♦♥❡t❛r② ♣♦❧✐❝② s❤♦❝❦s✳
❚❤❡ r❡st ♦❢ t❤❡ ♣❛♣❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✳ ❚❤❡ ♥❡①t s❡❝t✐♦♥ ✐♥tr♦❞✉❝❡s t❤❡ ♠♦❞❡❧✳ ❙❡❝t✐♦♥ ✸
✐❧❧✉str❛t❡s t❤❡ ❞②♥❛♠✐❝s ♦❢ t❤❡ ❡❝♦♥♦♠② ❛❜s❡♥t ♣r✐❝❡ r✐❣✐❞✐t✐❡s✳ ❙❡❝t✐♦♥ ✹ ❡①♣❧♦r❡s t❤❡ ✐♠♣❧✐❝❛t✐♦♥s




❚❤❡ ❡❝♦♥♦♠② ❝♦♥s✐sts ♦❢ t✇♦ s❡❝t♦rs✿ ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞✱ ❞❡♥♦t❡❞ ❜② s ∈ {f, n}✳ ■♥ ❡❛❝❤ s❡❝t♦r t❤❡r❡ ✐s ❛
❝♦♥t✐♥✉✉♠ ♦❢ ✜r♠s✱ ✐♥❞❡①❡❞ ❜② i ∈ [0, 1]✱ ❡❛❝❤ ♣r♦❞✉❝✐♥❣ ❛ s✐♥❣❧❡✲❞✐✛❡r❡♥t✐❛t❡❞ ❣♦♦❞ ❛♥❞ ✇✐t❤ ♠♦♥♦♣♦❧②
✺❲❡ ❝♦♥s✐❞❡r r✐❣✐❞ ♣r✐❝❡s ✐♥ ❢♦♦❞ s✐♥❝❡ t❤✐s ❝❛t❡❣♦r② ❝♦♠♣r✐s❡s ♣r♦❝❡ss❡❞ ❛♥❞ ✉♥♣r♦❝❡ss❡❞ ♣r♦❞✉❝ts ✭s❡❡ ❢♦r ✐♥st❛♥❝❡
❆❧✈❛r❡③ ❡t ❛❧✳ ✭✷✵✵✻✮✮✳
✻■♥ ❛ s❡tt✐♥❣ ✇✐t❤ ✢❡①✐❜❧❡ ❢♦♦❞ ♣r✐❝❡s t❤❡ ♦♣t✐♠❛❧ ❛❧❧♦❝❛t✐♦♥ ✐s ❛❧✇❛②s ❛❝❤✐❡✈❛❜❧❡✱ ✐rr❡s♣❡❝t✐✈❡ ♦❢ ❤♦✉s❡❤♦❧❞s ♣r❡❢❡r❡♥❝❡s✳
✹
♣♦✇❡r t♦ s❡t ♣r✐❝❡s✳ ❚❤❡ ♣r♦❞✉❝t✐♦♥ t❡❝❤♥♦❧♦❣② ✐s ❣✐✈❡♥ ❜②
Ys,t(i) = As,tNs,t(i)
1−α,
✇❤❡r❡ Ys,t(i) ✐s ♦✉t♣✉t ❛♥❞ Ns,t(i) r❡♣r❡s❡♥ts ❧❛❜♦r ✐♥♣✉t ❞❡♠❛♥❞❡❞ ❜② ✜r♠ i ✐♥ s❡❝t♦r s✳ Pr♦❞✉❝t✐✈✐t②
❧❡✈❡❧✱ ❞❡♥♦t❡❞ ❜② As,t✱ ✐s ❝♦♠♠♦♥ ❛❝r♦ss ✜r♠s ✐♥ t❤❡ s❛♠❡ s❡❝t♦r✳
■♥ ❡✈❡r② ♣❡r✐♦❞✱ ✜r♠s ✐♥ s❡❝t♦r s r❡s❡t ♣r✐❝❡s ✇✐t❤ ♣r♦❜❛❜✐❧✐t② (1 − θs)✱ ❛s ✐♥ ❈❛❧✈♦ ✭✶✾✽✸✮✳ ❆








P s,tYs,t+k|t − TCt+k(Ys,t+k|t)
)}
,







✇❤❡r❡ P s,t ✐s t❤❡ ♣r✐❝❡ ❝❤♦s❡♥ ❜② ❛ ✜r♠ t❤❛t r❡s❡ts ✐ts ♣r✐❝❡ ❛t t✱ Ys,t+k|t ✐s t❤❡ ♦✉t♣✉t ♦❢ t❤❛t ✜r♠✱ Ps,t+k
✐s ❛ ♣r✐❝❡ ✐♥❞❡①✱ ✇❤✐❝❤ ✇❡ ❞❡✜♥❡ ❧❛t❡r✱ ❛♥❞ Cs,t+k ✐♥❞✐❝❛t❡s t♦t❛❧ ❞❡♠❛♥❞ ❢♦r ❣♦♦❞s ❢r♦♠ s❡❝t♦r s✳ ǫp ✐s
t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❛❝r♦ss ❣♦♦❞s ✈❛r✐❡t✐❡s✱ ❝♦♠♠♦♥ ❛❝r♦ss s❡❝t♦rs✳ ❚❤❡ t♦t❛❧ ❝♦st ♦❢ ♣r♦❞✉❝✐♥❣





















✐s t❤❡ ❞❡s✐r❡❞ ♠❛r❦✉♣✳
✷✳✷ ❍♦✉s❡❤♦❧❞s
















✇❤❡r❡ C∗t ✐s ❛ ❝♦♥s✉♠♣t✐♦♥ ✐♥❞❡① ❛♥❞ Nt r❡♣r❡s❡♥ts ❧❛❜♦r s✉♣♣❧②✳ P❛r❛♠❡t❡r σ ✐s t❤❡ ✐♥✈❡rs❡ ♦❢ t❤❡
❡❧❛st✐❝✐t② ♦❢ ✐♥t❡rt❡♠♣♦r❛❧ ♦❢ s✉❜st✐t✉t✐♦♥ ❛♥❞ ϕ ✐s t❤❡ ✐♥✈❡rs❡ ♦❢ t❤❡ ❋r✐s❝❤ ❡❧❛st✐❝✐t② ♦❢ ❧❛❜♦r s✉♣♣❧②✳
✺










✱ ✇❤✐❧❡ Cf,t ❛♥❞ Cn,t ❛r❡ ❝♦♥s✉♠♣t✐♦♥ ✐♥❞❡①❡s ❝♦♠♣r✐s✐♥❣ t❤❡ ❞✐✛❡r❡♥t










✇❤❡r❡ Cs,t(i) ❞❡♥♦t❡s ❤♦✉s❡❤♦❧❞s✬ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❣♦♦❞ ✈❛r✐❡t② i ❛✈❛✐❧❛❜❧❡ ✐♥ s❡❝t♦r s✳
P❛r❛♠❡t❡r ω ✐s t❤❡ ✉t✐❧✐t② ✇❡✐❣❤t ♦❢ ❢♦♦❞ ❛♥❞ C̃f > 0 ✐s t❤❡ ❢♦♦❞ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t✳
❲❤❡♥ C̃f > 0✱ ♣r❡❢❡r❡♥❝❡s ❛r❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝✳






Pn,t(i)Cn,t(i)di+QtBt = WtNt +Bt−1 +Πt.
❚❤❡② r❡❝❡✐✈❡ ❧❛❜♦r ✐♥❝♦♠❡✱ WtNt✱ ❛♥❞ ♣r♦✜ts✱ Πt✱ ❢r♦♠ ❡q✉❛❧ ♦✇♥❡rs❤✐♣ ♦❢ ✜r♠s✳ ❚❤❡② s♣❡♥❞ ✐♥❝♦♠❡
♦♥ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ t♦ ❛❝❝✉♠✉❧❛t❡ t❤❡ ❛ss❡t Bt✱ ✈❛❧✉❡❞ ❛t ♣r✐❝❡ Qt✳
✷✳✷✳✶ ■♥tr❛t❡♠♣♦r❛❧ ♦♣t✐♠✐③❛t✐♦♥
■♥ ❡❛❝❤ ♣❡r✐♦❞✱ ❤♦✉s❡❤♦❧❞s ❝❤♦♦s❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❣♦♦❞ i ❢r♦♠ s❡❝t♦r s ❣✐✈❡♥ t♦t❛❧ ❡①♣❡♥❞✐t✉r❡ ✐♥ t❤❛t















■♥ t✉r♥✱ ❤♦✉s❡❤♦❧❞s✬ t♦t❛❧ ❞❡♠❛♥❞ ♦❢ ❣♦♦❞ s ✐s ❣✐✈❡♥ ❜②













✇❤❡r❡ t❤❡ ❛❣❣r❡❣❛t❡ ♣r✐❝❡ ✐♥❞❡① ✐s ❞❡✜♥❡❞ ❛s






◆♦t✐❝❡ ❢r♦♠ ✭✸✮ t❤❛t t❤❡ ❡①✐st❡♥❝❡ ♦❢ t❤❡ ❢♦♦❞ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t✱ C̃f ✱ ✐♠♣❧✐❡s t❤❛t
♣r✐❝❡ ❛♥❞ ✐♥❝♦♠❡ ❡❧❛st✐❝✐t✐❡s ♦❢ ❞❡♠❛♥❞ ❢♦r t❤❡ ❢♦♦❞ ❣♦♦❞s ❜✉♥❞❧❡ ❛r❡ ❧♦✇❡r t❤❛♥ ♦♥❡✳







Pn,t(i)Cn,t(i)di = Pf,tCf,t + Pn,tCn,t.
❋r♦♠ ❤♦✉s❡❤♦❧❞s✬ ♦♣t✐♠❛❧ ❛❧❧♦❝❛t✐♦♥ ♣r♦❜❧❡♠ ✇❡ ♦❜t❛✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❧❛t✐♦♥ P ∗t C
∗
t = Et − Pf,tC̃f ✳
❯s✐♥❣ t❤✐s ❡①♣r❡ss✐♦♥✱ ✇❡ ❝❛♥ r❡✇r✐t❡ t❤❡ ❜✉❞❣❡t ❝♦♥str❛✐♥t ❛s
P ∗t C
∗
t +QtBt = WtNt +Bt−1 +Πt − Pf,tC̃f , ✭✻✮
✇❤❡r❡ P ∗t C
∗
t ✐s ❤♦✉s❡❤♦❧❞s✬ t♦t❛❧ ❡①♣❡♥❞✐t✉r❡ ❡①❝❧✉❞✐♥❣ t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡✲
♠❡♥t✱ Pf,tC̃f ✳
✷✳✷✳✷ ❆✈❡r❛❣❡ ❛♥❞ ♠❛r❣✐♥❛❧ ❡①♣❡♥❞✐t✉r❡ ❝♦♠♣♦s✐t✐♦♥
◆❡①t✱ ✇❡ ❡①♣❧♦r❡ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ❢♦♦❞ ♠✐♥✐♠✉♠ r❡q✉✐r❡♠❡♥t ♦♥ ❤♦✉s❡❤♦❧❞s✬ ❡①♣❡♥❞✐t✉r❡ ❝♦♠♣♦s✐t✐♦♥✳








Pn,tCn,t = (1− ω) Ẽt.
✇❤❡r❡ Ẽt ≡ Et − Pf,tC̃f ❞❡♥♦t❡s ✐♥❝♦♠❡ r❡♠❛✐♥✐♥❣ ❛❢t❡r t❤❡ ❢♦♦❞ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t













❚❤❡ ❛❜♦✈❡ ❡q✉❛t✐♦♥s s❤♦✇ t❤❛t✱ ♦♥❝❡ t❤❡ ♠✐♥✐♠✉♠ r❡q✉✐r❡♠❡♥t ♦❢ ❢♦♦❞ ❤❛s ❜❡❡♥ ❝♦✈❡r❡❞✱ ❤♦✉s❡❤♦❧❞s
s♣❡♥❞ ❛ ❢r❛❝t✐♦♥ ω ♦❢ ❛♥② ❛❞❞✐t✐♦♥❛❧ ✐♥❝♦♠❡ ♦♥ ❢♦♦❞ ❛♥❞ t❤❡ r❡♠❛✐♥✐♥❣ ❢r❛❝t✐♦♥ 1− ω ♦♥ ♥♦♥❢♦♦❞✳ ❲❡
❝❛❧❧ t❤❡s❡ t❤❡ ♠❛r❣✐♥❛❧ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡s✳
✼


















✐s t❤❡ ❛✈❡r❛❣❡ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡ ♦❢ ❢♦♦❞✳




= ω < ηt✳ ❚❤✐s ♦❝❝✉rs ❜❡❝❛✉s❡ ❤♦✉s❡❤♦❧❞s s♣❡♥❞ ❛❧❧ t❤❡✐r ✐♥❝♦♠❡
♦♥ ❢♦♦❞ ✉♣ t♦ t❤❡ ♣♦✐♥t ✇❤❡r❡ t❤❡✐r s✉❜s✐st❡♥❝❡ ♥❡❡❞s ❛r❡ ♠❡t✱ ♣❛st t❤❛t ♣♦✐♥t t❤❡② s♣❡♥❞ ❛ ❢r❛❝t✐♦♥ ω
♦❢ ❛♥② ❛❞❞✐t✐♦♥❛❧ ✐♥❝♦♠❡ ♦♥ ❢♦♦❞✳
❚❤❡ ♠❛r❣✐♥❛❧ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡ ♦❢ ♥♦♥❢♦♦❞✱ ♦♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✐s ❧❛r❣❡r t❤❛♥ ✐ts ❛✈❡r❛❣❡ s❤❛r❡✱ ✐✳❡✳✱
∂(Pn,tCn,t)
∂Ẽt
= 1 − ω > 1 − ηt✳ ❚❤✐s ♦❝❝✉rs ❜❡❝❛✉s❡ ❤♦✉s❡❤♦❧❞s ❜❡❣✐♥ t♦ s♣❡♥❞ ❛ ❢r❛❝t✐♦♥ 1 − ω ♦❢ ❛♥②
❛❞❞✐t✐♦♥❛❧ ✐♥❝♦♠❡ ♦♥ ♥♦♥❢♦♦❞ ♦♥❧② ❛❢t❡r t❤❡② ❤❛✈❡ ❝♦✈❡r❡❞ t❤❡✐r s✉❜s✐st❡♥❝❡ ♥❡❡❞s✳
◆♦t✐❝❡ t❤❛t ✇✐t❤ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ✭✐✳❡✳✱ C̃f = 0✮ t❤❡ ♠❛r❣✐♥❛❧ ❛♥❞ ❛✈❡r❛❣❡ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡s
❛r❡ t❤❡ s❛♠❡✱ t❤❛t ✐s✱ ω = ηt✳
✷✳✷✳✸ ■♥t❡rt❡♠♣♦r❛❧ ♣r♦❜❧❡♠










■♠♣♦rt❛♥t❧②✱ t❤❡ r❡❧❡✈❛♥t ♣r✐❝❡ ✐♥❞❡① ❢♦r ❤♦✉s❡❤♦❧❞s✬ ✐♥t❡rt❡♠♣♦r❛❧ ❛❧❧♦❝❛t✐♦♥ ✐s ❣✐✈❡♥ ❜② ✭✺✮✱ ✇❤✐❝❤
✇❡✐❣❤ts ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞ ♣r✐❝❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞s✬ ♠❛r❣✐♥❛❧✱ r❛t❤❡r t❤❛♥
❛✈❡r❛❣❡✱ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✳ ❙✐♥❝❡ ❢♦r ✐♥t❡rt❡♠♣♦r❛❧ ❛❧❧♦❝❛t✐♦♥ ❞❡❝✐s✐♦♥s ❛❣❡♥ts ❝❛r❡ ❛❜♦✉t t❤❡ ♠❛r❣✐♥❛❧
✉t✐❧✐t② ♦❢ ❝♦♥s✉♠♣t✐♦♥ ♦✈❡r t✐♠❡✱ t❤❡ r❡❧❡✈❛♥t ♣r✐❝❡ ✐♥❞❡① ✐s t❤❛t ♦❢ t❤❡ ♠❛r❣✐♥❛❧ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✱








❋♦r ❧❛❜♦r s✉♣♣❧② t❤❡ r❡❧❡✈❛♥t ♣r✐❝❡ ✐♥❞❡① ✐s ❛❧s♦ ❣✐✈❡♥ ❜② ✭✺✮✳ ❆❣❛✐♥✱ ❢♦r ❧❛❜♦r s✉♣♣❧② ❞❡❝✐s✐♦♥s
❛❣❡♥ts ❝❛r❡ ❛❜♦✉t t❤❡ ♠❛r❣✐♥❛❧ ✉t✐❧✐t② ♦❢ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞✱ t❤❡r❡❢♦r❡✱ ❛❜♦✉t t❤❡ ♣r✐❝❡ ♦❢ t❤❡ ♠❛r❣✐♥❛❧
❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✳
✽
✷✳✸ ❆❣❣r❡❣❛t❡ ♦✉t♣✉t ❛♥❞ ✐♥✢❛t✐♦♥
❉✉❡ t♦ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t✱ t❤❡ ✐♥❞❡① C∗t ✐s ♥♦t ❛ ❣♦♦❞ ♠❡❛s✉r❡ ♦❢ ❛❣❣r❡❣❛t❡ ♣r♦✲
❞✉❝t✐♦♥✳ ❲❡ t❤✉s ✐♥tr♦❞✉❝❡ ❛ ♠❡❛s✉r❡ ♦❢ ♦✉t♣✉t✱ ✇❤✐❝❤ ✇❡ ❞❡✜♥❡ ❛s ❛♥ ✐♥❞❡① ✇❤❡r❡ s❡❝t♦r❛❧ ♣r♦❞✉❝t✐♦♥








✇❤❡r❡ P ✐s ❛ ♠❡❛s✉r❡ ♦❢ t❤❡ ❛❣❣r❡❣❛t❡ ♣r✐❝❡ ❧❡✈❡❧✱ ❞❡✜♥❡❞ ❛s t❤❡ ✐♥❞❡① ♦❢ s❡❝t♦r❛❧ ♣r✐❝❡s ✇❡✐❣❤t❡❞ ❜②








❉✐✛❡r❡♥t❧② ❢r♦♠ P ∗t ✱ t❤✐s ♠❡❛s✉r❡ ✇❡✐❣❤ts s❡❝t♦r❛❧ ♣r✐❝❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ st❡❛❞② st❛t❡ ✭♦r ❛✈❡r❛❣❡✮
r❛t❤❡r t❤❛♥ t❤❡ ♠❛r❣✐♥❛❧ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡s✳
✷✳✹ ❈❡♥tr❛❧ ❇❛♥❦









✇❤❡r❡ Rt = Q
−1
t ✐s t❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡✳




n,t ✱ ✇❤❡r❡ Πs,t
❞❡♥♦t❡s s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥ ❛♥❞ Ω ✐s t❤❡ ✇❡✐❣❤t ❛ss✐❣♥❡❞ t♦ ❢♦♦❞ ✐♥✢❛t✐♦♥✳
✷✳✺ ❙❤♦❝❦s
❚❤❡ ♠♦❞❡❧ ✐♥❝❧✉❞❡s t❡♠♣♦r❛r② s❤♦❝❦s t♦ ❢♦♦❞✱ ♥♦♥❢♦♦❞ ❛♥❞ ❛❣❣r❡❣❛t❡ ♣r♦❞✉❝t✐✈✐t②✳ ❚❤❡ ❡①♦❣❡♥♦✉s
♣r♦❝❡ss ❢♦r s❡❝t♦r s ✐s ❣✐✈❡♥ ❜②
As,t = Ase
as,t .
❚❤❡ s❤♦❝❦ as,t ❡✈♦❧✈❡s ❛❝❝♦r❞✐♥❣ t♦
as,t = ρsas,t−1 + νs,t + νt,
✇❤❡r❡ νs,t ❛♥❞ νt ❛r❡ r❡s♣❡❝t✐✈❡❧② t❤❡ s❡❝t♦r❛❧ ❛♥❞ ❛❣❣r❡❣❛t❡ ■■❉ ✐♥♥♦✈❛t✐♦♥s ✇✐t❤ ③❡r♦ ♠❡❛♥ ❛♥❞ st❛♥❞❛r❞
❞❡✈✐❛t✐♦♥ σvs ❛♥❞ σv✳ P❛r❛♠❡t❡r ρs ❞❡t❡r♠✐♥❡s s❤♦❝❦ ♣❡rs✐st❡♥❝❡ ❛♥❞ As ✐s t❤❡ s❡❝t♦r❛❧ st❡❛❞② st❛t❡
♣r♦❞✉❝t✐✈✐t② ❧❡✈❡❧✳
✾
✷✳✻ ❚❤❡ ❧✐♥❡❛r✐③❡❞ s②st❡♠
■♥ t❤✐s s❡❝t✐♦♥✱ ✇❡ ♣r❡s❡♥t t❤❡ ❧♦❣✲❧✐♥❡❛r ❛♣♣r♦①✐♠❛t✐♦♥ ✭❛r♦✉♥❞ t❤❡ ③❡r♦ ✐♥✢❛t✐♦♥ st❡❛❞② st❛t❡✮ ♦❢ t❤❡
s②st❡♠ ♦❢ ❡q✉❛t✐♦♥s t❤❛t ❞❡s❝r✐❜❡s t❤❡ ❡❝♦♥♦♠②✳
❚❤❡ s❡❝t♦r❛❧ P❤✐❧❧✐♣s ❝✉r✈❡s ❛♥❞ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥s ❛r❡ ❣✐✈❡♥ ❜②✼

































✐s t❤❡ st❡❛❞② st❛t❡ s❤❛r❡ ♦❢ ❢♦♦❞ ✐♥ t♦t❛❧ ❡①♣❡♥❞✐t✉r❡ ❛♥❞ 1−ω
1−η
> 1✳
■♥✢❛t✐♦♥ ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ♣r✐❝❡ ✐♥❞❡① P ∗t ✐s ❣✐✈❡♥ ❜②
π∗t = ωπf,t + (1− ω) πn,t.
❆❣❣r❡❣❛t❡ ♦✉t♣✉t ❛♥❞ ✐♥✢❛t✐♦♥ ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ♣r✐❝❡ ✐♥❞❡① Pt ❛r❡ ✭s❡❡ ❆♣♣❡♥❞✐①✮
ŷt = ηŷf,t + (1− η) ŷn,t
❛♥❞
πt = ηπf,t + (1− η) πn,t,
◆♦t✐❝❡ t❤❛t πt ✐s t❤❡ ♠♦❞❡❧ ❝♦✉♥t❡r♣❛rt ♦❢ t❤❡ ❝♦♥s✉♠❡r ♣r✐❝❡ ✐♥❞❡① ✭❈P■✮ ✐♥✢❛t✐♦♥ ❛s ✐t ❛❣❣r❡❣❛t❡s
s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥ ✐♥ ❛❝❝♦r❞❛♥❝❡ t♦ t❤❡ ❛✈❡r❛❣❡ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡s✳
❚❤❡ ❊✉❧❡r ❡q✉❛t✐♦♥ ✐s ❣✐✈❡♥ ❜②



























< 1 ❛♥❞ pr,t ≡ pf,t − pn,t r❡♣r❡s❡♥ts r❡❧❛t✐✈❡ ♣r✐❝❡s✳
❋✐♥❛❧❧②✱ t❤❡ ♣♦❧✐❝② r✉❧❡ ✐s ❣✐✈❡♥ ❜②
r̂t = φππ
T
t = φπ (Ωπf,t + (1− Ω) πn,t) .
✸ ❚❤❡ ✢❡①✐❜❧❡ ♣r✐❝❡ ❡❝♦♥♦♠②
❲❡ ❜❡❣✐♥ ❜② ❡①♣❧♦r✐♥❣ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ✐♥ t❤❡ ✢❡①✐❜❧❡ ♣r✐❝❡
❡❝♦♥♦♠②✳ ❚❤❡ ❢♦❧❧♦✇✐♥❣ r❡s✉❧ts ♣r♦✈✐❞❡ ✐♥s✐❣❤t ♦♥ t❤❡ ❡✛❡❝ts ♦❢ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ♦♥ t❤❡ ❡❝♦♥♦♠② ❛♥❞✱
❛❞❞✐t✐♦♥❛❧❧②✱ t❤❡② ✇✐❧❧ ♣r♦✈❡ ✉s❡❢✉❧ ❢♦r t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② st✉❞②✱ ✐♥tr♦❞✉❝❡❞ ✐♥ ❙❡❝t✐♦♥ ✹✳ ❖♥❡ ❝❛♥ s❤♦✇
t❤❛t ✭s❡❡ ❆♣♣❡♥❞✐①✮ ❛❜s❡♥t ♥♦♠✐♥❛❧ r✐❣✐❞✐t✐❡s t❤❡ r❡s♣♦♥s❡ ♦❢ t❤❡ ❡❝♦♥♦♠② t♦ t❤❡ s❡❝t♦r❛❧ ♣r♦❞✉❝t✐✈✐t②
s❤♦❝❦s ✐s ❣✐✈❡♥ ❜②✽
ŷnf,t = Υffaf,t, ✭✶✶✮
ŷnn,t = Υnfaf,t + an,t, ✭✶✷✮
p̂nr,t = −Υpaf,t + an,t, ✭✶✸✮
n̂nt = Υnaf,t, ✭✶✹✮
ŷnt = Υyaf,t + (1− η) an,t, ✭✶✺✮
✽■♥ t❤✐s s❡❝t✐♦♥✱ ✇❡ ❛ss✉♠❡ ❧♦❣ ✉t✐❧✐t② t♦ s✐♠♣❧✐❢② t❤❡ ❛♥❛❧②s✐s✳
✶✶
(ω̂∗t )

































❛♥❞ t❤❡ s✉♣❡rs❝r✐♣t n ❞❡♥♦t❡s ♥❛t✉r❛❧ ❧❡✈❡❧s✱ ✐✳❡✳✱ ✈❛r✐❛❜❧❡s ✉♥❞❡r ✢❡①✐❜❧❡ ♣r✐❝❡s✳
❋r♦♠ ♦✉r ❞✐s❝✉ss✐♦♥ ✐♥ s❡❝t✐♦♥ ✷✳✷✳✷ ✇❡ ❦♥♦✇ t❤❛t ✇✐t❤ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ω = η ❤♦❧❞s✱ ❤❡♥❝❡
Υff = 1✱ Υnf = 0✱ Υp = 1✱ Υn = 0✱ Υy = η ❛♥❞ Υω = ω = η✳
❲✐t❤ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ✇❡ ❤❛✈❡ ω < η✱ ✐♠♣❧②✐♥❣
Υff < 1✱ Υnf > 0✱ Υp > 1✱ Υn < 0✱ Υy < η ❛♥❞ Υω < η
✾✳
▲❡t ✉s ✜rst ❝♦♥s✐❞❡r t❤❡ ♠❛♥♥❡r t❤❡ ♠✐♥✐♠✉♠ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❛❧t❡rs t❤❡ r❡s♣♦♥s❡ ♦❢
t❤❡ ✢❡①✐❜❧❡ ♣r✐❝❡ ❡❝♦♥♦♠② t♦ ❛ ♥❡❣❛t✐✈❡ s❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t②✳ ■♥ t❤❡ ❡❝♦♥♦♠② ✇✐t❤ ♥♦♥✲❤♦♠♦t❤❡t✐❝
♣r❡❢❡r❡♥❝❡s✱ ♣r♦①✐♠✐t② t♦ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ✐♠♣❧✐❡s t❤❛t ✐t ✐s ❝♦st❧② ❢♦r ❤♦✉s❡❤♦❧❞s
t♦ r❡❞✉❝❡ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥✳ ❆s ❛ ❝♦♥s❡q✉❡♥❝❡✱ ❛❣❡♥ts ♦✛s❡t t❤❡ ❡✛❡❝t ♦❢ ❛ ❧♦✇❡r ♣r♦❞✉❝t✐✈✐t② ❜② ♠♦✈✐♥❣
❧❛❜♦r ❢r♦♠ t❤❡ ♥♦♥❢♦♦❞ t♦ t❤❡ ❢♦♦❞ s❡❝t♦r✳ ❚❤✐s r❡s✉❧ts ✐♥ ❛ ❝♦♥t❛✐♥❡❞ ❢❛❧❧ ✐♥ ❢♦♦❞ ♣r♦❞✉❝t✐♦♥ ✭❡q✉❛t✐♦♥
✭✶✶✮✮ ❛t t❤❡ ❡①♣❡♥s❡ ♦❢ ❛ ❧❛r❣❡r ❝♦♥tr❛❝t✐♦♥ ✐♥ ♥♦♥❢♦♦❞ ♦✉t♣✉t ✭❡q✉❛t✐♦♥ ✭✶✷✮✮✱ r❡❧❛t✐✈❡ t♦ t❤❡ ❡❝♦♥♦♠②
❝❤❛r❛❝t❡r✐③❡❞ ❜② ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳
❚❤❡ ❞❛♠♣❡♥❡❞ r❡s♣♦♥s❡ ♦❢ ❢♦♦❞ ♣r♦❞✉❝t✐♦♥ t♦ t❤❡ ❛❞✈❡rs❡ s❤♦❝❦ ✐♠♣❧✐❡s ❛ str♦♥❣❡r ✐♥❝r❡❛s❡ ✐♥
r❡❧❛t✐✈❡ ♣r✐❝❡s ✉♥❞❡r ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ✭❡q✉❛t✐♦♥ ✭✶✸✮✮✳ ❙✐♥❝❡ ❢♦♦❞ ♣r♦❞✉❝t✐♦♥ r❡♠❛✐♥s ❤✐❣❤
❢♦❧❧♦✇✐♥❣ t❤❡ s❤♦❝❦✱ s♦ ❞♦ ♠❛r❣✐♥❛❧ ❝♦sts ✐♥ t❤❛t s❡❝t♦r✱ ✇❤✐❝❤ ❧❡❛❞s t♦ ❛ ❧❛r❣❡r ✐♥❝r❡❛s❡ ✐♥ t❤❡ r❡❧❛t✐✈❡
♣r✐❝❡ ♦❢ ❢♦♦❞✳ ◆♦t❡ t❤❛t t❤❡ ❧❛r❣❡r ✐♥❝r❡❛s❡ ✐♥ r❡❧❛t✐✈❡ ♣r✐❝❡s ✉♥❞❡r ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s r❡q✉✐r❡s
α > 0✱ s✐♥❝❡ t❤❡ ❧✐♥❦ ❜❡t✇❡❡♥ s❡❝t♦r❛❧ ♦✉t♣✉t ❛♥❞ s❡❝t♦r❛❧ ♠❛r❣✐♥❛❧ ❝♦sts ❤✐♥❣❡s ♦♥ ❧❛❜♦r r❡t✉r♥s ❜❡✐♥❣
❞❡❝r❡❛s✐♥❣✳
❚♦t❛❧ ❡♠♣❧♦②♠❡♥t ✐s ✐♥✈❛r✐❛♥t ✇✐t❤ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✱ ❣✐✈❡♥ t❤❡ ❛ss✉♠❡❞ ❧♦❣ ✉t✐❧✐t②✱ ✇❤✐❧❡ ✐♥
t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② ✐t ❣♦❡s ✉♣ ❛❢t❡r t❤❡ ♥❡❣❛t✐✈❡ s❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② ✭❡q✉❛t✐♦♥ ✭✶✹✮✮✳









✾❚❤✐s r❡❧❛t✐♦♥ ❤♦❧❞s ❢♦r r❡❛s♦♥❛❜❧❡ ♣❛r❛♠❡tr✐③❛t✐♦♥s ♦❢ t❤❡ ♠♦❞❡❧✳
✶✵❚♦ s✐♠♣❧✐❢② t❤❡ ❛♥❛❧②s✐s✱ t❤❡ ❧❛❜♦r ❞❡♠❛♥❞ ❛♥❞ s✉♣♣❧② ❡q✉❛t✐♦♥s ❛r❡ ❞❡r✐✈❡❞ s❡tt✐♥❣ α = 0✳
✶✶❊q✉❛t✐♦♥ ✭✶✽✮ ❝❛♥ ❜❡ ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ s❡❝t♦r❛❧ ❧❛❜♦r ❞❡♠❛♥❞✱ ❣✐✈❡♥ ❜②
(ω̂∗t )
n − (p̂∗s,t)
n = as,t = m̂rts,t,





❛♥❞ m̂rts,t ❞❡♥♦t❡s t❤❡ s❡❝t♦r❛❧ ♠❛r❣✐♥❛❧ r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥✱ t❤❛t ✐s✱ t❤❡ r✐s❡ ✐♥ ♣r♦❞✉❝t✐♦♥ ✐♥
s❡❝t♦r s ✇❤❡♥ t❤❡ ❧❛❜♦r ✐♥♣✉t ✐♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ s❡❝t♦r ✐♥❝r❡❛s❡s ❜② ♦♥❡ ✉♥✐t✳
✶✷
(ω̂∗t )
n = ωaf,t + (1− ω) an,t = m̂rtt, ✭✶✽✮
✇❤❡r❡ ŷnt = ηaf,t+(1− η) an,t+ n̂
n
t ❛♥❞ m̂rtt ≡ ωm̂rtf,t+(1− ω) m̂rtn,t ❞❡♥♦t❡s t❤❡ ❛❣❣r❡❣❛t❡ ♠❛r❣✐♥❛❧
r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥✳
❚❤❡ ❛❣❣r❡❣❛t❡ ♠❛r❣✐♥❛❧ r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥ ❝♦♥st✐t✉t❡s t❤❡ r❡❧❡✈❛♥t ♣r♦❞✉❝t✐✈✐t② ♠❡❛s✉r❡ ❢♦r t❤❡
♣r♦❞✉❝t✐♦♥ ♦❢ ♦♥❡ ❛❞❞✐t✐♦♥❛❧ ✉♥✐t ♦❢ t❤❡ ♠❛r❣✐♥❛❧ ❝♦♠♣♦s✐t❡ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✳ ■♠♣♦rt❛♥t❧②✱ t❤✐s
♠❡❛s✉r❡ ♦❢ ❛❣❣r❡❣❛t❡ ♣r♦❞✉❝t✐✈✐t② ✇❡✐❣❤ts s❡❝t♦r❛❧ ♣r♦❞✉❝t✐✈✐t✐❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ♠❛r❣✐♥❛❧ ❡①♣❡♥❞✐t✉r❡
s❤❛r❡s✳
❊q✉❛t✐♦♥s ✭✶✼✮ ❛♥❞ ✭✶✽✮ ✐❧❧✉str❛t❡ t❤❡ r❡❛s♦♥s ❢♦r t❤❡ r✐s❡ ✐♥ ❡♠♣❧♦②♠❡♥t ✐♥ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝
❝❛s❡✳ ❖♥ t❤❡ ♦♥❡ ❤❛♥❞✱ ❣✐✈❡♥ ❛♥ ❡q✉❛❧ st❡❛❞② st❛t❡ s❤❛r❡ ♦❢ ❢♦♦❞ ✐♥ ❜♦t❤ ❡❝♦♥♦♠✐❡s ✭✐✳❡✳✱ ηNH = ηH ✱
✇❤❡r❡ t❤❡ s✉♣❡rs❝r✐♣ts H ❛♥❞ NH ❞❡♥♦t❡ ❤♦♠♦t❤❡t✐❝ ❛♥❞ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✱ r❡s♣❡❝t✐✈❡❧②✮✱
♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ❛♠♣❧✐✜❡s t❤❡ ✐♥❝♦♠❡ ❡✛❡❝t ♦❢ ♣r♦❞✉❝t✐✈✐t② ❝❤❛♥❣❡s✱ s✐♥❝❡ ωNH < ωH = η✳ ❚❤✐s ✐s s♦
❜❡❝❛✉s❡ ❝✉tt✐♥❣ ❝♦♥s✉♠♣t✐♦♥ ✐s ❤✐❣❤❧② ❝♦st❧② ✇❤❡♥ t❤❡ ❡❝♦♥♦♠② ✐s ❝❧♦s❡ t♦ s✉❜s✐st❡♥❝❡✳ ❚❤❛t ✐♠♣❧✐❡s ❛
str♦♥❣❡r ✐♥❝r❡❛s❡ ✐♥ ❧❛❜♦r s✉♣♣❧② ✇✐t❤ t❤✐s t②♣❡ ♦❢ ♣r❡❢❡r❡♥❝❡s✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❣✐✈❡♥ ηNH = ηH ✱
♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ✇❡❛❦❡♥s t❤❡ s✉❜st✐t✉t✐♦♥ ❡✛❡❝t✳ ❚❤✐s ✐s ❝❧❡❛r ❢r♦♠ ✭✶✽✮✱ ✇❤✐❝❤ ✐❧❧✉str❛t❡s t❤❛t t❤❡
❛❣❣r❡❣❛t❡ ♠❛r❣✐♥❛❧ r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥ r❡❞✉❝❡s ❜② ❧❡ss ✇✐t❤ t❤❡s❡ ♣r❡❢❡r❡♥❝❡s✱ s✐♥❝❡ ωNH < ωH = η✳
❚❤❡ r❡❛s♦♥ ✐s t❤❛t✱ ❛t t❤❡ ♠❛r❣✐♥✱ t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞ ✐♥ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t ✐s s♠❛❧❧❡r ✉♥❞❡r ♥♦♥✲
❤♦♠♦t❤❡t✐❝✐t②✱ ❛♥❞ ❤❡♥❝❡✱ t❤❡ ❛❣❣r❡❣❛t❡ ♠❛r❣✐♥❛❧ r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥ r❡❞✉❝❡s ❜② ❧❡ss ❛❢t❡r t❤❡ ❢❛❧❧ ✐♥
❢♦♦❞ ♣r♦❞✉❝t✐✈✐t②✳ ❚❤❡ ✇❡❛❦❡r s✉❜st✐t✉t✐♦♥ ❡✛❡❝t ✐♠♣❧✐❡s ❛ ❝♦♥t❛✐♥❡❞ r❡❞✉❝t✐♦♥ ✐♥ ❡♠♣❧♦②♠❡♥t r❡❧❛t✐✈❡
t♦ t❤❡ ❤♦♠♦t❤❡t✐❝ ❝❛s❡✳
❆ss✉♠✐♥❣ ηNH = ηH ✱ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② ❡①♣❡r✐❡♥❝❡s ❛ s♠❛❧❧❡r ❞r♦♣ ✐♥ ♦✉t♣✉t✱ ❛s ✐s ❝❧❡❛r
❢r♦♠ ✭✶✺✮✳ ❚❤✐s ✐s ❡①♣❧❛✐♥❡❞ ❜② t❤❡ ✐♥❝r❡❛s❡ ✐♥ ❡♠♣❧♦②♠❡♥t ✇✐t❤ t❤✐s t②♣❡ ♦❢ ♣r❡❢❡r❡♥❝❡s✳
❋✐♥❛❧❧②✱ ❣✐✈❡♥ ηNH = ηH ✱ t❤❡ r❡❛❧ ✇❛❣❡ r❡❞✉❝❡s ❜② ❧❡ss ❛❢t❡r t❤❡ ❛❞✈❡rs❡ s❤♦❝❦ ✇❤❡♥ ♣r❡❢❡r❡♥❝❡s
❛r❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ✭❡q✉❛t✐♦♥ ✭✶✻✮✮✳ ❈❧❡❛r❧②✱ t❤✐s ✐s ❡①♣❧❛✐♥❡❞ ❜② t❤❡ s♠❛❧❧❡r r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❛❣❣r❡❣❛t❡
♠❛r❣✐♥❛❧ r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥✱ ✇❤✐❝❤✱ ❛s st❛t❡❞ ❡❛r❧✐❡r✱ r❡♣r❡s❡♥ts t❤❡ r❡❧❡✈❛♥t ♣r♦❞✉❝t✐✈✐t② ♠❡❛s✉r❡ ❢♦r
t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ♦♥❡ ❛❞❞✐t✐♦♥❛❧ ✉♥✐t ♦❢ t❤❡ ♠❛r❣✐♥❛❧ ❝♦♠♣♦s✐t❡ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✳ ❙✐♥❝❡ t❤✐s ♠❡❛s✉r❡
♦❢ ❛❣❣r❡❣❛t❡ ♣r♦❞✉❝t✐✈✐t② ❢❛❧❧s ❜② ❧❡ss✱ t❤❡ ✇❛❣❡ ✜r♠s ❛r❡ ✇✐❧❧✐♥❣ t♦ ♣❛② r❡❞✉❝❡s ♠♦r❡ ♠♦❞❡r❛t❡❧②✳
❘❡❣❛r❞✐♥❣ t❤❡ ❞②♥❛♠✐❝s ❢♦❧❧♦✇✐♥❣ ❛ ♥♦♥❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦✱ t❤❡ r❡s♣♦♥s❡s ♦❢ t❤❡ ❡❝♦♥♦♠✐❡s
❢❡❛t✉r✐♥❣ ❤♦♠♦t❤❡t✐❝ ❛♥❞ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ❛r❡ ✐❞❡♥t✐❝❛❧✱ ❡①❝❡♣t ❢♦r t❤❡ r❡❛❧ ✇❛❣❡✱ ✇❤✐❝❤ ❢❛❧❧s
❜② ♠♦r❡ ✐♥ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❝❛s❡✳ ❙✐♥❝❡ t❤❡ ♠❛r❣✐♥❛❧ s❤❛r❡ ♦❢ ♥♦♥❢♦♦❞ ✐s ❤✐❣❤❡r ✇✐t❤ t❤✐s t②♣❡ ♦❢
♣r❡❢❡r❡♥❝❡s✱ ♣r♦❞✉❝t✐✈✐t② ✈❛r✐❛t✐♦♥s ✐♥ t❤✐s s❡❝t♦r ❛❧t❡r t❤❡ ❛❣❣r❡❣❛t❡ ♠❛r❣✐♥❛❧ r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥ ❜②
♠♦r❡✳ ❆❝❝♦r❞✐♥❣❧②✱ ❛❢t❡r ❛ ♥❡❣❛t✐✈❡ s❤♦❝❦ ✐♥ ♥♦♥❢♦♦❞ t❤❡ r❡❛❧ ✇❛❣❡ ❢❛❧❧s ♠♦r❡ str♦♥❣❧②✳
✶✸
✹ ▼♦♥❡t❛r② ♣♦❧✐❝② ✇✐t❤ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s
■♥ t❤✐s s❡❝t✐♦♥ ✇❡ st✉❞② t❤❡ ❝♦♥❞✉❝t ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝② ✐♥ ❛♥ ❡❝♦♥♦♠② ✇✐t❤ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r✲
❡♥❝❡s✳ ❚♦ t❤✐s ❡♥❞ ✇❡ ❝♦♠♣❛r❡ t❤❡ ❡❝♦♥♦♠② ✇✐t❤ ♣r❡❢❡r❡♥❝❡s ✐♥❝♦r♣♦r❛t✐♥❣ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥
r❡q✉✐r❡♠❡♥t t♦ ❛ ❜❡♥❝❤♠❛r❦ ❡❝♦♥♦♠② ❢❡❛t✉r✐♥❣ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ❚♦ ✐s♦❧❛t❡ t❤❡ ❡✛❡❝ts ❢r♦♠
♥♦♥✲❤♦♠♦t❤❡t✐❝✐t②✱ ✇❡ st❛rt ❜② ❝♦♥s✐❞❡r✐♥❣ ❡❝♦♥♦♠✐❡s ✇❤❡r❡ t❤❡ ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞ s❡❝t♦rs ❛r❡ ✐❞❡♥t✐❝❛❧✱
❡①❝❡♣t ❢♦r t❤❡ ❡①✐st❡♥❝❡ ♦❢ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ✐♥ t❤❡ ❢♦r♠❡r✳ ■♥ ❙❡❝t✐♦♥ ✺ ✇❡ ❛❞♦♣t
❛ ♠♦r❡ r❡❛❧✐st✐❝ ❝❛❧✐❜r❛t✐♦♥ t♦ ♣❡r❢♦r♠ ❛ q✉❛♥t✐t❛t✐✈❡ ❡①❡r❝✐s❡✳
✹✳✶ ■❘❋ ❛♥❛❧②s✐s
❆s ❛ ♣r❡❧✉❞❡ t♦ t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ❛♥❛❧②s✐s ✇❡ ❡①♣❧♦r❡ t❤❡ ❞②♥❛♠✐❝s ♦❢ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② ✐♥
r❡s♣♦♥s❡ t♦ s❤♦❝❦s✳ ❋♦r t❤❡ ❜❛s❡❧✐♥❡ ❝❛❧✐❜r❛t✐♦♥ ✇❡ ❛ss✉♠❡ σ = 1 ❛♥❞ ϕ = 1✱ ✇❤✐❝❤ ❛r❡ ❝♦♠♠♦♥ ✈❛❧✉❡s
✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳ ❚❤❡ ❞✐s❝♦✉♥t ❢❛❝t♦r✱ β✱ ✐s s❡t t♦ 0.99✱ ✇❤✐❝❤ ✐♠♣❧✐❡s ❛♥ ❛♥♥✉❛❧ ✐♥t❡r❡st r❛t❡ ♦❢ 4%✳
❚❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❛❝r♦ss ❣♦♦❞s ✈❛r✐❡t✐❡s✱ ǫp✱ ✐s s❡t t♦ 6✱ ✐♠♣❧②✐♥❣ ❛ ♠❛r❦✉♣ ♦❢ 1.2 ✐♥ st❡❛❞②
st❛t❡✳ P❛r❛♠❡t❡r α ✐s s❡t t♦ 0.25✳ ❲❡ ❛ss✉♠❡ θf = θn = 0.75✱ ✐♠♣❧②✐♥❣ ❛♥ ❛✈❡r❛❣❡ ♣r✐❝❡ ❞✉r❛t✐♦♥ ♦❢
❢♦✉r q✉❛rt❡rs✳
❋♦r t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② ✇❡ s❡t ♣❛r❛♠❡t❡r ω✱ t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞ ✐♥ ♠❛r❣✐♥❛❧ ❡①♣❡♥❞✐t✉r❡✱ t♦
0.05✶✷✱ t❤❛t ✐s✱ ❤♦✉s❡❤♦❧❞s ✇✐❧❧ s♣❡♥❞ ♦♥❧② 5% ♦❢ ❛♥② ❛❞❞✐t✐♦♥❛❧ ✐♥❝♦♠❡ ✐♥ t❤✐s s❡❝t♦r✳ ❚❤❡ ♠✐♥✐♠✉♠
❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r ❢♦♦❞✱ C̃f ✱ ✐s s❡t s✉❝❤ t❤❛t t❤❡ st❡❛❞② st❛t❡ s❤❛r❡ ♦❢ ❢♦♦❞ ✐♥ t♦t❛❧ ❡①♣❡♥❞✐t✉r❡
✐s 50%✳ ❖✉r ♣✉r♣♦s❡ ✐s t♦ ❝♦♠♣❛r❡ t❤✐s ❡❝♦♥♦♠② t♦ ❛♥♦t❤❡r ❤❛✈✐♥❣ t❤❡ s❛♠❡ st❡❛❞② st❛t❡ s❤❛r❡ ♦❢ ❢♦♦❞
✐♥ t♦t❛❧ ❡①♣❡♥❞✐t✉r❡ ❜✉t ❢❡❛t✉r✐♥❣ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ❈♦♥s❡q✉❡♥t❧②✱ ❢♦r t❤❡ ❡❝♦♥♦♠② ❝❤❛r❛❝t❡r✐③❡❞
❜② ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ✇❡ s❡t ω = η = 0.5✱ ✐♠♣❧②✐♥❣ t❤❛t t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞✱ ❜♦t❤ ♦♥ ❛✈❡r❛❣❡ ❛♥❞ ✐♥
t❤❡ ♠❛r❣✐♥✱ ✐s 50%✳
❲❡ s❡t t❤❡ r❡s♣♦♥s❡ t♦ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ ❚❛②❧♦r r✉❧❡✱ φπ✱ t♦ 1.5✳ ❚❤❡ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦ ♣❛r❛♠❡t❡rs
❛r❡ s❡t t♦ ρf = ρn = 0.9 ❛♥❞ σvf = σvn = σv = 0.02✳
❋✐❣✉r❡ ✶ ❞✐s♣❧❛②s t❤❡ ■❘❋s t♦ ❛ ♥❡❣❛t✐✈❡ s❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② ❢♦r t❤❡ ❡❝♦♥♦♠✐❡s ❢❡❛t✉r✐♥❣
❤♦♠♦t❤❡t✐❝ ❛♥❞ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ❚❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ✐s ❛ss✉♠❡❞ t♦ ❢♦❧❧♦✇ ❛ ❚❛②❧♦r r✉❧❡ ✇✐t❤
✇❡✐❣❤ts ♦♥ s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥ ❝♦✐♥❝✐❞✐♥❣ ✇✐t❤ s❡❝t♦r❛❧ s✐③❡s ✭Ω = 0.5✮✳ ■♥ t❤❡ ❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② t❤❡r❡
✐s ❛ ❧❛r❣❡ ❝♦♥tr❛❝t✐♦♥ ✐♥ ❢♦♦❞ ♦✉t♣✉t ✇❤✐❧❡ ♥♦♥❢♦♦❞ ♣r♦❞✉❝t✐♦♥ ❢❛❧❧s ♦♥❧② ♠♦❞❡r❛t❡❧②✳ ❚❤✐s r❡s✉❧ts ❢r♦♠
❛ r✐s❡ ✐♥ t❤❡ ♣♦❧✐❝② r❛t❡✱ ✇❤✐❝❤ r❡s♣♦♥❞s t♦ ❢♦♦❞ ✐♥✢❛t✐♦♥✱ ❛♥❞ ❛♥ ✐♥❝r❡❛s❡ ✐♥ r❡❧❛t✐✈❡ ♣r✐❝❡s✱ ✇❤✐❝❤
s✇✐t❝❤❡s ❝♦♥s✉♠♣t✐♦♥ ❢r♦♠ ❢♦♦❞ t♦ ♥♦♥❢♦♦❞✳ ❉✐✛❡r❡♥t❧②✱ ✐♥ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❝❛s❡ ❢♦♦❞ ♣r♦❞✉❝t✐♦♥
❢❛❧❧s s❧✐❣❤t❧②✱ ✇❤✐❧❡ ♦✉t♣✉t ✐♥ ♥♦♥❢♦♦❞ ❡①♣❡r✐❡♥❝❡s ❛ ❧❛r❣❡ ❝♦♥tr❛❝t✐♦♥✳ ❚❤✐s r❡s✉❧ts ❢r♦♠ t❤❡ ❧♦✇ ✐♥❝♦♠❡
❛♥❞ ♣r✐❝❡ ❡❧❛st✐❝✐t✐❡s ♦❢ ❞❡♠❛♥❞ ❢♦r ❢♦♦❞✳ ❚❤✐s ❜❡❤❛✈✐♦r ✐s ✐♥ ❧✐♥❡ ✇✐t❤ t❤❡ ♣r❡❝❡❞✐♥❣ ❛♥❛❧②s✐s ♦❢ t❤❡
✢❡①✐❜❧❡ ♣r✐❝❡ ❡❝♦♥♦♠②✳ ●✐✈❡♥ t❤❡ ♣r♦①✐♠✐t② t♦ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t✱ ❧❛❜♦r s❤✐❢ts t♦
✶✷❚❤✐s ✈❛❧✉❡ ✐s ❝❧♦s❡ t♦ ❍❡rr❡♥❞♦r❢ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ✇❤♦ ❡st✐♠❛t❡ ❈❊❙ ♣r❡❢❡r❡♥❝❡s ✐♥❝♦r♣♦r❛t✐♥❣ ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥
r❡q✉✐r❡♠❡♥t ❢♦r ❢♦♦❞ ✉s✐♥❣ ❯❙ ❞❛t❛✳
✶✹
t❤❡ ❢♦♦❞ s❡❝t♦r t♦ ♣r❡✈❡♥t ❛ ❢❛❧❧ ✐♥ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥✱ ❜✉t ❛t t❤❡ ❝♦st ♦❢ ❛ ❧❛r❣❡ ❝♦♥tr❛❝t✐♦♥ ✐♥ ♥♦♥❢♦♦❞✳










Homothetic preferences Non-homothetic preferences





































❋✐❣✉r❡ ✶✿ ❙❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② ✇❤❡♥ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❢♦❧❧♦✇s ❛ ❚❛②❧♦r r✉❧❡
■♥ ✇❤❛t ❢♦❧❧♦✇s ✇❡ ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r t❤❡
♦♣t✐♠❛❧ ❞❡s✐❣♥ ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝②✳ ❲❡ ❝♦♥s✐❞❡r t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r ❝♦♠♠✐t♠❡♥t ❛♥❞ t❤❡ ♦♣t✐♠❛❧
❝❤♦✐❝❡ ♦❢ Ω ✉♥❞❡r ❛ ❚❛②❧♦r r✉❧❡✳
✹✳✷ ❖♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r ❝♦♠♠✐t♠❡♥t✿ ❛ s♣❡❝✐❛❧ ❝❛s❡
■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ❡①♣❧♦r❡ t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r ❝♦♠♠✐t♠❡♥t✳ ❚♦ t❤✐s ❡♥❞ ✇❡ ❞❡r✐✈❡ t❤❡ ✇❡❧❢❛r❡
❧♦ss ❢✉♥❝t✐♦♥ ❢♦r t❤❡ ♠♦❞❡❧ ❡❝♦♥♦♠② ✐♥❝♦r♣♦r❛t✐♥❣ ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t✳ ❲❡ ❛ss✉♠❡
α = 0 t♦ ♦❜t❛✐♥ ❛♥ ❛♥❛❧②t✐❝❛❧ ❡①♣r❡ss✐♦♥ ❢♦r ✇❡❧❢❛r❡ ❧♦ss❡s✳ ▲❛t❡r✱ ✇❡ ❡①♣❧♦r❡ t❤❡ ❣❡♥❡r❛❧ ❝❛s❡ ✇❤❡r❡
α > 0✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❛ss✉♠❡ ❛ ❧❛❜♦r s✉❜s✐❞② t❤❛t ❝♦rr❡❝ts t❤❡ ✐♥❡✣❝✐❡♥❝② ❣❡♥❡r❛t❡❞ ❜② ♠♦♥♦♣♦❧✐st✐❝
❝♦♠♣❡t✐t✐♦♥ ✐♥ t❤❡ ❣♦♦❞s ♠❛r❦❡t✳ ❇② ♣❡r❢♦r♠✐♥❣ ❛ s❡❝♦♥❞ ♦r❞❡r ❛♣♣r♦①✐♠❛t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞s✬ ✉t✐❧✐t②































Ξp ≡ ω (1− η)✱ Ξf ≡ η
ǫp
λf





❲❡❧❢❛r❡ ❧♦ss❡s r❡s✉❧t ❢r♦♠ ❞❡✈✐❛t✐♦♥s ♦❢ ♦✉t♣✉t ❛♥❞ r❡❧❛t✐✈❡ ♣r✐❝❡s ❢r♦♠ t❤❡✐r ♥❛t✉r❛❧ ❝♦✉♥t❡r♣❛rts✱
❛s ✇❡❧❧ ❛s ❢r♦♠ s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥✳ ❲❡ ❤❛✈❡ s❡❡♥ t❤❛t ❤♦♠♦t❤❡t✐❝ ❛♥❞ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ✐♠♣❧②
ω = η ❛♥❞ ω < η✱ r❡s♣❡❝t✐✈❡❧②✳ ❆❝❝♦r❞✐♥❣❧②✱ t❤❡ ✇❡✐❣❤t ♦♥ t❤❡ ♦✉t♣✉t ❣❛♣ ✐s ❤✐❣❤❡r ✇❤❡♥ ♣r❡❢❡r❡♥❝❡s
❛r❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝✱ r❡✢❡❝t✐♥❣ ❤✐❣❤❡r ❝♦sts ❛ss♦❝✐❛t❡❞ t♦ ♦✉t♣✉t ✈❛r✐❛t✐♦♥s✱ ✇❤✐❝❤ r❡s✉❧t ❢r♦♠ ❢♦♦❞
❝♦♥s✉♠♣t✐♦♥ ❜❡✐♥❣ ❝❧♦s❡ t♦ ✐ts s✉❜s✐st❡♥❝❡ r❡q✉✐r❡♠❡♥t✳ ●✐✈❡♥ t❤❡ ❢♦♦❞ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡ η✱ t❤❡ ✇❡✐❣❤t
❛ss♦❝✐❛t❡❞ t♦ t❤❡ ❣❛♣ ✐♥ r❡❧❛t✐✈❡ ♣r✐❝❡s ✐s s♠❛❧❧❡r ✇✐t❤ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ❚❤✐s r❡s✉❧ts ❢r♦♠
❛ s♠❛❧❧❡r ❞❡❣r❡❡ ♦❢ s✉❜st✐t✉t❛❜✐❧✐t② ❛ss♦❝✐❛t❡❞ t♦ t❤❡s❡ ♣r❡❢❡r❡♥❝❡s✳ ❆❧s♦✱ ❣✐✈❡♥ η✱ ✇❡✐❣❤ts ♦♥ s❡❝t♦r❛❧
✐♥✢❛t✐♦♥ ❛r❡ ♥♦t ❛✛❡❝t❡❞ ❜② t❤❡ t②♣❡ ♦❢ ♣r❡❢❡r❡♥❝❡s✳ ❚❤❡s❡ ✇❡✐❣❤ts ❛r❡ ❞✐r❡❝t❧② r❡❧❛t❡❞ t♦ t❤❡ ❞❡❣r❡❡ ♦❢
s❡❝t♦r❛❧ r✐❣✐❞✐t✐❡s✱ r❡✢❡❝t❡❞ ✐♥ λs✱ ❛♥❞ t❤❡ s❡❝t♦r❛❧ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡s✳














ỹt + λnωp̃r,t + βEtπn,t+1, ✭✷✵✮
p̃r,t = p̃r,t−1 −∆p
n
r,t + πf,t − πn,t. ✭✷✶✮
✇❤❡r❡ ∆pnr,t = ∆an,t −∆af,t✳
❊q✉❛t✐♦♥s ✭✶✾✮ ❛♥❞ ✭✷✵✮ ❛r❡ t❤❡ s❡❝t♦r❛❧ P❤✐❧❧✐♣s ❝✉r✈❡s✱ ✇❤✐❧❡ ✭✷✶✮ r❡✢❡❝ts t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ r❡❧❛t✐✈❡
♣r✐❝❡ ❣❛♣✳ ❆❝❝♦r❞✐♥❣ t♦ ✭✷✶✮✱ t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t② ❢❛❝❡s ❛ tr❛❞❡✲♦✛ ✇❤❡♥❡✈❡r ❛ s❤♦❝❦ ✐♠♣❛❝ts ♥❛t✉r❛❧
r❡❧❛t✐✈❡ ♣r✐❝❡s✳ ◆❛♠❡❧②✱ ✇❤❡♥❡✈❡r∆pnr,t 6= 0 ✐t ✐s ♥♦t ♣♦ss✐❜❧❡ t♦ s✐♠✉❧t❛♥❡♦✉s❧② st❛❜✐❧✐③❡ s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥
❛♥❞ t❤❡ ❣❛♣ ✐♥ r❡❧❛t✐✈❡ ♣r✐❝❡s✳ ●✐✈❡♥ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ❢♦r t❤❡ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ω
❛♥❞ η✱ t❤❡ ♥❛t✉r❡ ♦❢ ♣r❡❢❡r❡♥❝❡s ❛✛❡❝ts ❜♦t❤ t❤❡ ✇❡✐❣❤ts ✐♥ t❤❡ ♦❜❥❡❝t✐✈❡ ❢✉♥❝t✐♦♥ ❛♥❞ t❤❡ ❝♦♥str❛✐♥ts✳














−Ξfπf,t + ϑ1,t − ϑ1,t−1 − ϑ3,t = 0,
−Ξnπn,t + ϑ2,t − ϑ2,t−1 + ϑ3,t = 0,
−Ξrpp̃r,t + ϑ1,tλf (1− ω)− ϑ2,tλnω + ϑ3,t − βEtϑ3,t+1 = 0.
✇❤❡r❡ ϑ1,t✱ ϑ2,t ❛♥❞ ϑ3,t ❛r❡ t❤❡ ▲❛❣r❛♥❣❡ ♠✉❧t✐♣❧✐❡rs ❛ss♦❝✐❛t❡❞ t♦ t❤❡ ❝♦♥str❛✐♥ts✳
❲❡ ✐♠♣♦s❡ ❡q✉❛❧ ❞❡❣r❡❡ ♦❢ ♣r✐❝❡ st✐❝❦✐♥❡ss ❛❝r♦ss s❡❝t♦rs✱ ✐♠♣❧②✐♥❣ λf = λn = λ✳ ❯♥❞❡r t❤✐s
❛ss✉♠♣t✐♦♥ t❤❡ ❢♦♦❞ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ✐s t❤❡ ♦♥❧② s♦✉r❝❡ ♦❢ s❡❝t♦r❛❧ ❤❡t❡r♦❣❡♥❡✐t②✳
✶✻
❋♦r t❤✐s ♣❛rt✐❝✉❧❛r s❝❡♥❛r✐♦ t❤❡ ❢♦❧❧♦✇✐♥❣ ♦♣t✐♠❛❧✐t② ❝♦♥❞✐t✐♦♥ ✐s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❋❖❈s




▲❡t ✉s ✜rst ❢♦❝✉s ♦♥ t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② s♦❧✉t✐♦♥ ❢♦r t❤❡ ❝❛s❡ ♦❢ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ❋r♦♠ t❤❡







ỹt − λ (η (1− ω)− (1− η)ω) p̃r,t + βEtπt+1.







ỹt + βEtπt+1. ✭✷✸✮
❊q✉❛t✐♦♥ ✭✷✸✮ t❡❧❧s ✉s t❤❛t ✐t ✐s ❢❡❛s✐❜❧❡ ❢♦r t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t② t♦ s✐♠✉❧t❛♥❡♦✉s❧② ❛tt❛✐♥ t❤❡ ❢✉❧❧
st❛❜✐❧✐③❛t✐♦♥ ♦❢ ❈P■ ✐♥✢❛t✐♦♥ ❛♥❞ t❤❡ ♦✉t♣✉t ❣❛♣✳
❇② s♦❧✈✐♥❣ t❤❡ s②st❡♠ ♦❢ ❡q✉❛t✐♦♥s ❝♦♠♣♦s❡❞ ❜② ✭✷✷✮ ❛♥❞ ✭✷✸✮ ✇❡ ❣❡t t❤❛t t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r
❝♦♠♠✐t♠❡♥t ❡✛❡❝t✐✈❡❧② ♣r❡s❝r✐❜❡s t♦ s❡t πt = ỹt = 0 ∀t✳
◆♦t✐❝❡ t❤❛t πt = 0 ✐♠♣❧✐❡s ηπf,t + (1− η) πn,t = 0✱ t❤❛t ✐s✱ t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ♣r❡s❝r✐❜❡s t♦ ❢✉❧❧②
st❛❜✐❧✐③❡ ❛♥ ✐♥✢❛t✐♦♥ ✐♥❞❡① ✇✐t❤ t❤❡ ✇❡✐❣❤ts ❝♦✐♥❝✐❞✐♥❣ t❤❡ s✐③❡ ♦❢ t❤❡ s❡❝t♦rs✳ ❚❤✐s r❡s✉❧t ❛❝❝♦r❞s t❤❡
✜♥❞✐♥❣s ✐♥ ❇❡♥✐❣♥♦ ✭✷✵✵✹✮✳
❚♦ ❛ss❡s ✇❤❡t❤❡r ♣♦❧✐❝② ♣r❡s❝r✐♣t✐♦♥s ❞✐✛❡r ✉♥❞❡r ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t②✱ ✇❡ ❝♦♠♣❛r❡ t❤❡ ■❘❋s ✉♥❞❡r
t❤❡ ❘❛♠s❡② ♣♦❧✐❝② ❢♦r t❤❡ ❤♦♠♦t❤❡t✐❝ ❛♥❞ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❝❛s❡s✳ ❋✐❣✉r❡ ✷ ♣r❡s❡♥ts t❤❡ ❞②♥❛♠✐❝s ❛❢t❡r ❛
♥❡❣❛t✐✈❡ s❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t②✳ ❆❢t❡r t❤❡ ❛❞✈❡rs❡ s❤♦❝❦ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ✐♠♣❧❡♠❡♥ts ❛ ❝♦♥tr❛❝t✐✈❡
♣♦❧✐❝②✳ ❙✉❝❤ r❡s♣♦♥s❡ ✐s ❞❡s✐r❛❜❧❡ ❢♦r t✇♦ r❡❛s♦♥s✳ ❖♥ t❤❡ ♦♥❡ ❤❛♥❞✱ ❜② ❝♦♥t❛✐♥✐♥❣ ✇❛❣❡s✱ ✐t ♦✛s❡ts
t❤❡ ❡✛❡❝t ♦❢ ❛ ❧♦✇❡r ♣r♦❞✉❝t✐✈✐t② ♦♥ ❢♦♦❞ ✐♥✢❛t✐♦♥✱ ②❡t ❛t t❤❡ ❝♦st ♦❢ ♣r♦✈♦❦✐♥❣ ❛ ❞❡✢❛t✐♦♥ ✐♥ ♥♦♥❢♦♦❞✳
❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ❝♦♥tr❛❝t✐♦♥ ✐♥ ❛❝t✐✈✐t② ✐s ❞❡s✐r❛❜❧❡ ❜② ✐ts❡❧❢✱ s✐♥❝❡ t❤❡ ❛❞✈❡rs❡ s❤♦❝❦ r❡❞✉❝❡s t❤❡
❡✣❝✐❡♥t ❧❡✈❡❧ ♦❢ ♦✉t♣✉t✳
❲✐t❤ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ♣r❡s❝r✐❜❡s t♦ ❝♦♥tr❛❝t ♦✉t♣✉t ✉♣ t♦ ✐ts ♥❡✇ ❡✣❝✐❡♥t
❧❡✈❡❧✱ ✐✳❡✳✱ ❛ ③❡r♦ ♦✉t♣✉t ❣❛♣ ✐s ❛❞✈✐s❡❞✳ ❚❤✐s ✐♠♣❧✐❡s πf,t = −πn,t✱ t❤❛t ✐s✱ ❡q✉❛❧ ✐♥✢❛t✐♦♥ ✈♦❧❛t✐❧✐t② ❛❝r♦ss
s❡❝t♦rs ✐s ♣r❡s❝r✐❜❡❞ ❜② t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝②✳ ❙✉❝❤ ♦✉t❝♦♠❡ ✐s ✐♥ ❧✐♥❡ ✇✐t❤ ♦✉r ♣r❡✈✐♦✉s r❡s✉❧ts✱ ♥❛♠❡❧②✱
❈P■ ✐♥✢❛t✐♦♥ ❛♥❞ t❤❡ ♦✉t♣✉t ❣❛♣ ❛r❡ ❢✉❧❧② st❛❜✐❧✐③❡❞ ✇❤❡♥ ♣r❡❢❡r❡♥❝❡s ❛r❡ ❤♦♠♦t❤❡t✐❝✳ ●✐✈❡♥ η = 0.5
✭✐✳❡✳✱ ❡q✉❛❧ s❡❝t♦r❛❧ s✐③❡s✮✱ s❡tt✐♥❣ πt = 0 ✐♠♣❧✐❡s πf,t = −πn,t✳ ❚❤❛t ✐s✱ ❡q✉❛❧ ✐♥✢❛t✐♦♥ ✈♦❧❛t✐❧✐t② ❛❝r♦ss
s❡❝t♦rs ✐s ❛❞✈✐s❡❞ ❜② t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝②✳ ■♠♣♦rt❛♥t❧②✱ t❤✐s ♣♦❧✐❝② ♠✐♥✐♠✐③❡s ❧♦ss❡s r❡❧❛t❡❞ t♦ t❤❡ ♦✉t♣✉t
❣❛♣✱ s✐♥❝❡ ỹ = 0 ✉♥❞❡r t❤❡ ❘❛♠s❡② ♣♦❧✐❝②✱ ❛♥❞ ❧♦ss❡s ❞❡r✐✈❡❞ ❢r♦♠ s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥✳✶✸
❈♦♥❝❡r♥✐♥❣ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② t✇♦ t❤✐♥❣s ❛r❡ ✇♦rt❤ ♥♦t✐♥❣✳ ❋✐rst✱ t❤❛t t❤❡ ❘❛♠s❡② ♣♦❧✐❝②
♣r❡s❝r✐❜❡s t♦ t♦❧❡r❛t❡ ❛ r❡❧❛t✐✈❡❧② ❤✐❣❤❡r ✐♥✢❛t✐♦♥ ✐♥ t❤❡ ❢♦♦❞ s❡❝t♦r✱ ❛s πf,t > −πn,t ✐s ❛❞✈✐s❡❞✳ ❙❡❝♦♥❞✱
✶✸●✐✈❡♥ t❤❡ ❝♦♥✈❡①✐t② ♦❢ t❤❡ ❧♦ss ❢✉♥❝t✐♦♥✱ ✐t ✐s ♦♣t✐♠❛❧ t♦ r❡❞✉❝❡ ❢♦♦❞ ✐♥✢❛t✐♦♥ ✉♣ t♦ t❤❡ ♣♦✐♥t ✇❤❡r❡ ✐♥✢❛t✐♦♥ ✐♥ t❤✐s
s❡❝t♦r ❡q✉❛t❡s ❞❡✢❛t✐♦♥ ♣r♦✈♦❦❡❞ ✐♥ ♥♦♥❢♦♦❞✳
✶✼
❞❡s♣✐t❡ ❛❧❧♦✇✐♥❣ ❢♦r ❛ r❡❧❛t✐✈❡❧② ❤✐❣❤❡r ✐♥✢❛t✐♦♥ ✐♥ ❢♦♦❞✱ ❛ ♠♦r❡ ♥❡❣❛t✐✈❡ ♦✉t♣✉t ❣❛♣ ❤❛s ❜❡❡♥ r❡q✉✐r❡❞
t♦ ♠♦❞❡r❛t❡ ✐♥✢❛t✐♦♥ ✐♥ t❤❛t s❡❝t♦r✳










Homothetic preferences Non-homothetic preferences



































❋✐❣✉r❡ ✷✿ ❖♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r ❝♦♠♠✐t♠❡♥t ❛❢t❡r ❛ s❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t②
❚❤❡ ❞✐✛❡r❡♥t ♣♦❧✐❝② ♣r❡s❝r✐♣t✐♦♥ ✉♥❞❡r ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ❝❛♥ ❜❡ ✉♥❞❡rst♦♦❞ ❜② ✐♥s♣❡❝t✐♥❣
❡q✉❛t✐♦♥s ✭✶✾✮ ❛♥❞ ✭✷✵✮✳ ●✐✈❡♥ ωNH < ωH ✱ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ✐♥❝r❡❛s❡s ✭r❡❞✉❝❡s✮ t❤❡ s❧♦♣❡ ♦♥ r❡❧❛t✐✈❡
♣r✐❝❡s ✐♥ t❤❡ P❤✐❧❧✐♣s ❝✉r✈❡ ❢♦r ❢♦♦❞ ✭♥♦♥❢♦♦❞✮ ❣♦♦❞s✳ ❙✐♥❝❡ t❤❡ ❛❞✈❡rs❡ s❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② ❧❡❛❞s
t♦ ❛ ♥❡❣❛t✐✈❡ ❣❛♣ ✐♥ r❡❧❛t✐✈❡ ♣r✐❝❡s ✭p̃r,t < 0✮✱
✶✹ t❤❡ ❧❛tt❡r ✐♠♣❧✐❡s t❤❛t ❤✐❣❤❡r ✐♥✢❛t✐♦♥❛r② ♣r❡ss✉r❡s ✐♥ t❤❡
❢♦♦❞ s❡❝t♦r ❛r❡ ❡①♣❡r✐❡♥❝❡❞ ✐♥ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠②✳ ❚❤✐s ♠❡❛♥s t❤❛t✱ r❡❧❛t✐✈❡ t♦ t❤❡ ❤♦♠♦t❤❡t✐❝
❝❛s❡✱ ❛ ♠♦r❡ ♥❡❣❛t✐✈❡ ♦✉t♣✉t ❣❛♣ ✐s r❡q✉✐r❡❞ t♦ ❝♦♥t❛✐♥ ✐♥✢❛t✐♦♥ ✐♥ t❤✐s s❡❝t♦r✳ ❙✐♥❝❡ ❝♦♥t❛✐♥✐♥❣ ❢♦♦❞
✐♥✢❛t✐♦♥ r❡q✉✐r❡s ❧❛r❣❡r ❝♦♥tr❛❝t✐♦♥s ♦❢ ♦✉t♣✉t ❜❡❧♦✇ t❤❡ ❡✣❝✐❡♥t ❧❡✈❡❧✱ t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t② ❡♥❞s ✉♣
t♦❧❡r❛t✐♥❣ ❛ r❡❧❛t✐✈❡❧② ❤✐❣❤❡r ✐♥✢❛t✐♦♥ ✐♥ t❤✐s s❡❝t♦r✳
❚❤❡ r❡❛s♦♥ ✇❤② ❛ ♠♦r❡ ♥❡❣❛t✐✈❡ ❣❛♣ ✐s r❡q✉✐r❡❞ ✐♥ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② ✐s t❤❛t r❡❞✉❝✐♥❣
♦✉t♣✉t t♦ ✐ts ♥❡✇ ❡✣❝✐❡♥t ❧❡✈❡❧ ✐s ♠♦r❡ ✐♥❡✛❡❝t✐✈❡ ✐♥ ❝♦♥t❛✐♥✐♥❣ ❝♦sts ✐♥ t❤❛t ❡♥✈✐r♦♥♠❡♥t✳ ❚♦ s❡❡
t❤✐s✱ r❡❝❛❧❧ t❤❛t ✐♥ ❙❡❝t✐♦♥ ✸ ✇❡ s❤♦✇❡❞ t❤❛t t❤❡ ♥❛t✉r❛❧ r❡❛❧ ✇❛❣❡ ❢❛❧❧s ❜② ❧❡ss ❛❢t❡r ❛ ♥❡❣❛t✐✈❡ s❤♦❝❦
t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② ✇✐t❤ t❤✐s t②♣❡ ♦❢ ♣r❡❢❡r❡♥❝❡s✳ ❚❤❡♥✱ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ♦✉t♣✉t ✭❛♥❞ t❤❡ r❡❛❧ ✇❛❣❡✶✺✮
❢❛❧❧✐♥❣ t♦ t❤❡✐r ♥❡✇ ♥❛t✉r❛❧ ❧❡✈❡❧s✱ ✇❛❣❡s ❛♥❞ t❤✉s ✐♥✢❛t✐♦♥❛r② ♣r❡ss✉r❡s ❛r❡ ❤✐❣❤❡r ✐♥ t❤❡ ❡❝♦♥♦♠② ✇✐t❤
✶✹◆❛t✉r❛❧ ❢♦♦❞ ♣r✐❝❡s r✐s❡ r❡❧❛t✐✈❡ t♦ ♥❛t✉r❛❧ ♥♦♥❢♦♦❞ ♣r✐❝❡s ❞✉❡ t♦ t❤❡ ❢❛❧❧ ✐♥ ♣r♦❞✉❝t✐✈✐t② ✐♥ t❤❡ ❢♦r♠❡r✱ ❤❡♥❝❡ ♥❛t✉r❛❧
r❡❧❛t✐✈❡ ♣r✐❝❡s ✐♥❝r❡❛s❡✳ ●✐✈❡♥ ♣r✐❝❡ st✐❝❦✐♥❡ss✱ t❤❡ ❣❛♣ ✐♥ r❡❧❛t✐✈❡ ♣r✐❝❡s ❢❛❧❧s✳






ỹt ✐♠♣❧② t❤❛t ✇❤❡♥ ♦✉t♣✉t ✐s ❛t ✐ts
♥❛t✉r❛❧ ❧❡✈❡❧✱ s♦ ✐s t❤❡ r❡❛❧ ✇❛❣❡✳
✶✽
♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ▲♦♦❦✐♥❣ ❛t t❤❡ ❧❛❜♦r ❞❡♠❛♥❞ s✐❞❡✱ t❤❡ ❝♦♥t❛✐♥❡❞ ❝✉t ✐♥ ✇❛❣❡s ✐s ❡①♣❧❛✐♥❡❞
❜② ❛ s♠❛❧❧❡r ❞r♦♣ ✐♥ t❤❡ ❛❣❣r❡❣❛t❡ ♠❛r❣✐♥❛❧ r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥✳ ❆s ✇❡ str❡ss❡❞ ✐♥ ❙❡❝t✐♦♥ ✸✱ t❤❡
s♠❛❧❧❡r r❡❞✉❝t✐♦♥ ✐♥ t❤❡ r❡❧❡✈❛♥t ♠❡❛s✉r❡ ♦❢ ❛❣❣r❡❣❛t❡ ♣r♦❞✉❝t✐✈✐t② ✐♠♣❧✐❡s ❛ s♠❛❧❧❡r r❡❞✉❝t✐♦♥ ✐♥ t❤❡
✇❛❣❡ ✜r♠s ❛r❡ ✇✐❧❧✐♥❣ t♦ ♣❛②✳ ▲♦♦❦✐♥❣ ❛t t❤❡ ❧❛❜♦r s✉♣♣❧② s✐❞❡✱ ❛ ❞❛♠♣❡♥❡❞ ❞r♦♣ ✐♥ ♥❛t✉r❛❧ ♦✉t♣✉t
✐♥ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② ✐♠♣❧✐❡s t❤❛t ✇♦r❦❡rs ❞❡♠❛♥❞ ❤✐❣❤❡r ✇❛❣❡s✳ ❆s ❛ ❝♦♥s❡q✉❡♥❝❡✱ t❤❡
❝❡♥tr❛❧ ❜❛♥❦ ✇✐❧❧ ♥❡❡❞ t♦ ❝♦♥tr❛❝t ♦✉t♣✉t ❜❡❧♦✇ t❤❡ ❡✣❝✐❡♥t ❧❡✈❡❧ t♦ ❢✉rt❤❡r ❝♦♥t❛✐♥ ❝♦sts ❛♥❞✱ t❤❡r❡❢♦r❡✱
✐♥✢❛t✐♦♥❛r② ♣r❡ss✉r❡s✳ ◆♦t❡ t❤❛t t❤✐s ✐s t❤❡ ✜rst ♦❢ t❤❡ t❤r❡❡ r❡❛s♦♥s ✇❡ str❡ss❡❞ ✐♥ t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ❢♦r
t❤❡ ❞❡s✐r❛❜✐❧✐t② ♦❢ ❛ ❧✐♠✐t❡❞ r❡s♣♦♥s❡ t♦ ❢♦♦❞ ✐♥✢❛t✐♦♥✳
❆t ❧❛st✱ ♥♦t✐❝❡ t❤❛t ❛❢t❡r ❛ s❤♦❝❦ t♦ ♥♦♥❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ♣r❡s❝r✐♣t✐♦♥ ❢♦r t❤❡
♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠② ✐s ❛❧s♦ ❜✐❛s❡❞ t♦✇❛r❞s t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♦❢ ♥♦♥❢♦♦❞ ✐♥✢❛t✐♦♥ ✭♥♦t s❤♦✇♥✮✳✶✻
❚❤❡ ♦♣t✐♠❛❧ s✐♠♣❧❡ r✉❧❡
❚♦ ♣r♦✈✐❞❡ ♠♦r❡ ✐♥s✐❣❤t ♦♥ t❤❡ r❡s✉❧ts ✐♥ t❤✐s s❡❝t✐♦♥✱ ✇❡ st✉❞② t❤❡ ❜❡❤❛✈✐♦r ♦❢ t❤❡ ❡❝♦♥♦♠② ✉♥❞❡r ❛♥
♦♣t✐♠✐③❡❞ s✐♠♣❧❡ r✉❧❡✳ ❲❡ ❝♦♠♣✉t❡ t❤❡ ♦♣t✐♠❛❧ s✐♠♣❧❡ r✉❧❡ ❜② ❛❧❧♦✇✐♥❣ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ t♦ ❝❤♦♦s❡ t❤❡
✇❡✐❣❤t ♦♥ ❢♦♦❞ ✐♥✢❛t✐♦♥ ✐♥ ✐ts t❛r❣❡t ✐♥❞❡①✱ Ω✱ ❛♥❞ t❤❡ str❡♥❣t❤ ♦❢ t❤❡ ♣♦❧✐❝② r❛t❡ r❡s♣♦♥s❡ t♦ t♦t❛❧
✐♥✢❛t✐♦♥✱ φπ✳ ❙❤♦❝❦s ❛r❡ t♦ ❜♦t❤ ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞ ♣r♦❞✉❝t✐✈✐t②✳ ❲❡ ✜♥❞ t❤❛t ❢♦r t❤❡ ❤♦♠♦t❤❡t✐❝ ❛♥❞
♥♦♥✲❤♦♠♦t❤❡t✐❝ ❝❛s❡s ✇❡❧❢❛r❡ ❧♦ss❡s ❛r❡ ♠✐♥✐♠✐③❡❞ ✇❤❡♥ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❢✉❧❧② st❛❜✐❧✐③❡s ✭❛t ③❡r♦✮ t❤❡
t❛r❣❡t❡❞ ✐♥✢❛t✐♦♥ ✐♥❞❡①✱ ✐✳❡✳✱ ✇❤❡♥ φπ → ∞✱ ✇✐t❤ Ω s❡t t♦ 0.5 ❛♥❞ 0.46✱ r❡s♣❡❝t✐✈❡❧②✳ ■♠♣♦rt❛♥t❧②✱ ✐❢
s❡❝t♦r❛❧ s❤♦❝❦s ❛r❡ ❝♦♥s✐❞❡r❡❞ s❡♣❛r❛t❡❧② t❤❡ ♣♦❧✐❝② r❡❛❝t✐♦♥ ❢✉♥❝t✐♦♥ t❤❛t ❞❡❧✐✈❡rs t❤❡ ♦♣t✐♠❛❧ ♦✉t❝♦♠❡
✐s t❤❡ s❛♠❡✳
❚♦ ❜❡tt❡r ✉♥❞❡rst❛♥❞ t❤✐s r❡s✉❧t ✇❡ ❝♦♠♣✉t❡ ❧♦ss❡s ❛ss♦❝✐❛t❡❞ t♦ ❛❧t❡r♥❛t✐✈❡ ❝❤♦✐❝❡s ♦❢ Ω✱ ✉♥❞❡r t❤❡
❛ss✉♠♣t✐♦♥ t❤❛t t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❢✉❧❧② st❛❜✐❧✐③❡s t❤❡ t❛r❣❡t❡❞ ✐♥❞❡①✳
❋✐❣✉r❡ ✸ s❤♦✇s t❤❡ r❡s✉❧ts✳ ❚❤❡ ❤♦r✐③♦♥t❛❧ ❛①✐s r❡♣r❡s❡♥ts t❤❡ ✇❡✐❣❤t ♦♥ ❢♦♦❞ ✐♥✢❛t✐♦♥✱ Ω✱ ✇❤✐❧❡ t❤❡
✈❡rt✐❝❛❧ ❛①✐s r❡♣r❡s❡♥ts ❝♦♥s✉♠♣t✐♦♥ ❡q✉✐✈❛❧❡♥t ✇❡❧❢❛r❡ ❧♦ss❡s✳ ▲♦ss❡s ❛r❡ ❞❡❝♦♠♣♦s❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡✐r
s♦✉r❝❡✳
❋✐rst✱ ❧❡t ✉s ❡①❛♠✐♥❡ t❤❡ r❡s✉❧ts ❢♦r t❤❡ ❡❝♦♥♦♠② ✇✐t❤ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✱ ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡ ✸
P❛♥❡❧ ✭❛✮✳ ■♥ ❧✐♥❡ ✇✐t❤ ✜♥❞✐♥❣s ✐♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥✱ s❡tt✐♥❣ Ω = 0.5 ♠✐♥✐♠✐③❡s ❧♦ss❡s r❡❧❛t❡❞ t♦ ❜♦t❤
t❤❡ ♦✉t♣✉t ❣❛♣ ❛♥❞ ✐♥✢❛t✐♦♥✳ ❈♦♥s✐❞❡r ♥♦✇ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❡❝♦♥♦♠②✱ ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡ ✸ P❛♥❡❧
✭❜✮✳ ■❢ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ♦♥❧② ❝❛r❡❞ ❛❜♦✉t ♠✐♥✐♠✐③✐♥❣ ❧♦ss❡s r❡❧❛t❡❞ t♦ ✐♥✢❛t✐♦♥✱ s❡tt✐♥❣ Ω = 0.5 ✇♦✉❧❞
❜❡ ♦♣t✐♠❛❧✱ ❥✉st ❛s ✐♥ t❤❡ ❤♦♠♦t❤❡t✐❝ ❝❛s❡✳ ❨❡t✱ ✐❢ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ✇❛s ✉♥✐q✉❡❧② ❝♦♥❝❡r♥❡❞ ❛❜♦✉t ❧♦ss❡s
r❡❧❛t❡❞ t♦ t❤❡ ♦✉t♣✉t ❣❛♣ ✐t ✇♦✉❧❞ ❜❡ ♦♣t✐♠❛❧ t♦ s❡t Ω = 0.05✳ ❯♥❞❡r t❤✐s ❝❤♦✐❝❡ ♦❢ Ω t❤❡ ♦✉t♣✉t ❣❛♣ ✐s
✶✻❚❤✐s r❡s✉❧t ❝❛♥ ❛❧s♦ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② t❤❡ s❧♦♣❡s ♦♥ t❤❡ r❡❧❛t✐✈❡ ♣r✐❝❡ ❣❛♣✳ ❚❤❡ ♥❡❣❛t✐✈❡ s❤♦❝❦ t♦ ♥♦♥❢♦♦❞ ❧❡❛❞s t♦
❛ ♣♦s✐t✐✈❡ ❣❛♣ ✐♥ r❡❧❛t✐✈❡ ♣r✐❝❡s ✭p̃r,t > 0✮✱ ✇❤✐❝❤✱ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ỹt = 0✱ ✐♠♣❧✐❡s −πf,t > πn,t✳ ❋✉rt❤❡r ❝♦♥t❛✐♥✐♥❣ ❢♦♦❞
❞❡✢❛t✐♦♥ ✇♦✉❧❞ ❜❡ ❝♦st❧②✱ ❛s ✐t r❡q✉✐r❡s ✐♥❞✉❝✐♥❣ ❛ ✭♣♦s✐t✐✈❡✮ ❣❛♣ ✐♥ ♦✉t♣✉t✳ ❚❤❡ ❛♥❛❧②s✐s ♦❢ t❤❡ ✢❡①✐❜❧❡ ♣r✐❝❡ ❡❝♦♥♦♠② ❝❛♥
❛❧s♦ ♣r♦✈✐❞❡ ❛♥ ✐♥t✉✐t✐♦♥ ❢♦r t❤✐s r❡s✉❧t✳ ❲✐t❤ s❤♦❝❦s t♦ ♥♦♥❢♦♦❞ ♣r♦❞✉❝t✐✈✐t②✱ t❤❡ ❛❣❣r❡❣❛t❡ ♠❛r❣✐♥❛❧ r❛t❡ ♦❢ tr❛♥s❢♦r♠❛t✐♦♥
❛♥❞✱ t❤❡r❡❢♦r❡✱ t❤❡ ♥❛t✉r❛❧ r❡❛❧ ✇❛❣❡✱ ❜❡❝♦♠❡ ♠♦r❡ r❡s♣♦♥s✐✈❡ ✇❤❡♥ ♣r❡❢❡r❡♥❝❡s ❛r❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝✳ ❆❝❝♦r❞✐♥❣❧②✱ ❛❢t❡r ❛
♥❡❣❛t✐✈❡ s❤♦❝❦ ✐♥ ♥♦♥❢♦♦❞ t❤❡ ♥❛t✉r❛❧ r❡❛❧ ✇❛❣❡ ❢❛❧❧s ❜② ♠♦r❡✳ ❚❤❡♥✱ ❞❡✢❛t✐♦♥❛r② ♣r❡ss✉r❡s ✐♥ t❤❡ ❢♦♦❞ s❡❝t♦r ❛r❡ ❤✐❣❤❡r✳
✶✾
❢✉❧❧② st❛❜✐❧✐③❡❞✳ ❍❡r❡ ✇❡ ❝❛♥ ♦❜s❡r✈❡ t❤❡ s❛♠❡ tr❛❞❡✲♦✛ ♥♦t✐❝❡❞ ✐♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥✳ ❈♦♥❞✐t✐♦♥❛❧ ♦♥
♦✉t♣✉t ❜❡✐♥❣ ❛t ✐ts ♥❛t✉r❛❧ ❧❡✈❡❧✱ ✐♥✢❛t✐♦♥❛r② ♣r❡ss✉r❡s ✐♥ t❤❡ ❢♦♦❞ s❡❝t♦r ❛r❡ t♦♦ ❤✐❣❤✱ t❤❡♥ t❤❡ ❝❡♥tr❛❧
❜❛♥❦ ♥❡❡❞s t♦ ✐♥❞✉❝❡ ❛ ❣❛♣ ✐♥ ♦✉t♣✉t ✐♥ ♦r❞❡r t♦ ❢✉rt❤❡r st❛❜✐❧✐③❡ ✐t✳ ❚❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t ❛❧❧ s♦✉r❝❡s
♦❢ ❧♦ss❡s ✇❡ ❣❡t ❛♥ ♦♣t✐♠❛❧ Ω ♦❢ 0.46✱ ✇❤✐❝❤ ❧✐❡s ✈❡r② ❝❧♦s❡ t♦ t❤❡ ✈❛❧✉❡ ✉♥❞❡r ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳
❆ ♠✉❝❤ ❤✐❣❤❡r ✇❡✐❣❤t ✐♥ t❤❡ ❧♦ss ❢✉♥❝t✐♦♥ ♦♥ s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥ r❡❧❛t✐✈❡ t♦ t❤❡ ♦✉t♣✉t ❣❛♣ ❡①♣❧❛✐♥s t❤❛t
t❤❡ ♦♣t✐♠❛❧ Ω ✐s ❝❧♦s❡r t♦ t❤❡ ✈❛❧✉❡ t❤❛t ♠✐♥✐♠✐③❡s ❧♦♦s❡s r❡❧❛t❡❞ t♦ ✐♥✢❛t✐♦♥✳
❆♥ ✐♠♣♦rt❛♥t ❝♦r♦❧❧❛r② ❢r♦♠ ♦✉r ❛♥❛❧②s✐s ✐s t❤❛t ✐❢ t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t② ✇❡r❡ t♦ ❝♦♥❝❡❞❡ ❛ ♠♦r❡
✐♠♣♦rt❛♥t r♦❧❡ t♦ ♦✉t♣✉t ✈♦❧❛t✐❧✐t② ✐♥ t❤❡ ❞❡s✐❣♥ ♦❢ ✐ts ❧♦ss ❢✉♥❝t✐♦♥✱ t❤❡ ❝❛s❡ ❢♦r ❛ ❧✐♠✐t❡❞ r❡s♣♦♥s❡ t♦
❢♦♦❞ ♣r✐❝❡s ❝♦✉❧❞ ❜❡ ❝♦♥s✐❞❡r❛❜❧❡ str❡♥❣t❤❡♥❡❞✳✶✼ ❚♦ ✐❧❧✉str❛t❡ t❤✐s ♣♦✐♥t✱ ✇❡ ♣❡r❢♦r♠ ❛♥ ❡①♣❡r✐♠❡♥t
✇❤❡r❡ ✇❡ r❡❝♦♠♣✉t❡ t❤❡ ♦♣t✐♠❛❧ r✉❧❡ ✇❤❡♥ ❡q✉❛❧ ✇❡✐❣❤t✐♥❣ ✐♥ t❤❡ ❧♦ss ❢✉♥❝t✐♦♥ ♦♥ ♦✉t♣✉t ❛♥❞ ✐♥✢❛t✐♦♥
✐s ❛ss✉♠❡❞✳ ■♥ s✉❝❤ ❛ ❝❛s❡✱ s❡tt✐♥❣ Ω = 0.2 ❞❡❧✐✈❡rs t❤❡ ❜❡st ♦✉t❝♦♠❡✳
❆t ❧❛st✱ ♦❜s❡r✈❡ t❤❛t ✉♥❞❡r t❤❡ ♦♣t✐♠✐③❡❞ r❡❛❝t✐♦♥ ❢✉♥❝t✐♦♥ t❤❡ ❘❛♠s❡② ♦♣t✐♠❛❧ ❛❧❧♦❝❛t✐♦♥ ✐s r❡♣❧✐✲
❝❛t❡❞ ✉♥❞❡r ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ■♥ t❤❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❝❛s❡ t❤❡ ♦♣t✐♠❛❧ ❛❧❧♦❝❛t✐♦♥ ✐s ♥♦t r❡♣❧✐❝❛t❡❞✱
②❡t ✇❡❧❢❛r❡ ❧♦ss❡s ❛r❡ ❝❧♦s❡ t♦ t❤❡ ❘❛♠s❡② ♦✉t❝♦♠❡✳














❋✐❣✉r❡ ✸✿ ❖♣t✐♠❛❧ s✐♠♣❧❡ r✉❧❡
◆♦t❡✿ ❚❤❡ ❜❧✉❡ ❛♥❞ r❡❞ ❧✐♥❡s r❡♣r❡s❡♥t ❧♦ss❡s r❡s✉❧t✐♥❣ ❢r♦♠ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞ s❡❝t♦rs✱ r❡s♣❡❝t✐✈❡❧②✱
✇❤✐❧❡ t❤❡ ❣r❡❡♥ ❧✐♥❡ ✐♥❞✐❝❛t❡s t❤❡ s✉♠ ♦❢ s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥ r❡❧❛t❡❞ ❧♦ss❡s✳ ❚❤❡ ♣✉r♣❧❡ ❛♥❞ ❧✐❣❤t ❜❧✉❡ ❧✐♥❡s
❝♦rr❡s♣♦♥❞ t♦ ❧♦ss❡s ❛ss♦❝✐❛t❡❞ t♦ t❤❡ ❣❛♣s ✐♥ ♦✉t♣✉t ❛♥❞ r❡❧❛t✐✈❡ ♣r✐❝❡s ❛♥❞ t❤❡ ❜❧❛❝❦ ❧✐♥❡ r❡♣r❡s❡♥ts t♦t❛❧
❧♦ss❡s✳ ❚❤❡ ✈❡rt✐❝❛❧ ❞❛s❤❡❞ ❧✐♥❡ ✐♥❞✐❝❛t❡s t❤❡ ♦♣t✐♠❛❧ Ω ✉♥❞❡r ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s ✇❤✐❧❡ t❤❡ ❤♦r✐③♦♥t❛❧
❞❛s❤❡❞ ❧✐♥❡ r❡♣r❡s❡♥ts ❧♦ss❡s ✉♥❞❡r t❤❡ ❘❛♠s❡② ♣♦❧✐❝②✳
✶✼■♥ ♦✉r ♠♦❞❡❧ t❤❡ ✇❡✐❣❤t ♦♥ ♦✉t♣✉t r❡❧❛t✐✈❡ t♦ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ ❧♦ss ❢✉♥❝t✐♦♥ ✐s s♠❛❧❧❡r ❜② ❛ ❢❛❝t♦r ♦❢ 0.0415✳ ❘❡❧❛t✐✈❡
✇❡✐❣❤t✐♥❣s ♦❢ t❤❛t ♠❛❣♥✐t✉❞❡ ❛r❡ st❛♥❞❛r❞ ✐♥ t❤❡ ◆❡✇ ❑❡②♥❡s✐❛♥ ❧✐t❡r❛t✉r❡✱ ②❡t t❤❡② ❛r❡ ♥♦t r♦❜✉st ❢❡❛t✉r❡✳ ❋♦r ✐♥st❛♥❝❡✱
✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❛ ❡st✐♠❛t❡❞ ♠❡❞✐✉♠✲s❝❛❧❡ ♠♦❞❡❧ ❢♦r t❤❡ ❯✳❙✳✱ ❉❡❜♦rt♦❧✐ ❡t ❛❧✳ ✭✷✵✶✽✮ ✜♥❞ t❤❛t t❤❡ ♦✉t♣✉t ❣❛♣ s❤♦✉❧❞
❤❛✈❡ ❛♥ ❡q✉❛❧ ♦r ❡✈❡♥ ❧❛r❣❡r r♦❧❡ t❤❛♥ ✐♥✢❛t✐♦♥ ✇❤❡♥ ❞❡s✐❣♥✐♥❣ ❛ ❧♦ss ❢✉♥❝t✐♦♥✳
✷✵
✹✳✸ ❖♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r ❝♦♠♠✐t♠❡♥t✿ t❤❡ ❣❡♥❡r❛❧ ❝❛s❡
■♥ t❤✐s s❡❝t✐♦♥ ✇❡ st✉❞② t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r ❝♦♠♠✐t♠❡♥t ❢♦r t❤❡ ❣❡♥❡r❛❧ ❝❛s❡ ✇❤❡♥ α > 0✳✶✽ ❋✐❣✉r❡
✹ ♣r❡s❡♥ts t❤❡ r❡s♣♦♥s❡ t♦ ❛ ♥❡❣❛t✐✈❡ s❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② ✉♥❞❡r t❤❡ ❘❛♠s❡② ♣♦❧✐❝②✳✶✾ ◆♦t❛❜❧②✱
t❤❡ ✜❣✉r❡ ✐❧❧✉str❛t❡s t❤❛t t❤❡ ❜✐❛s t♦✇❛r❞s t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♦❢ ♥♦♥❢♦♦❞ ✐♥✢❛t✐♦♥ ❡①❛❝❡r❜❛t❡s ✇❤❡♥ α > 0✳










































ωp̃r,t + βEtπn,t+1. ✭✷✺✮
❊q✉❛t✐♦♥s ✭✷✹✮ ❛♥❞ ✭✷✺✮ s❤♦✇ t❤❛t✱ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ α > 0✱ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② r❡❞✉❝❡s t❤❡ s❧♦♣❡ ♦♥
t❤❡ ♦✉t♣✉t ❣❛♣ ❢♦r ❢♦♦❞ r❡❧❛t✐✈❡ t♦ ♥♦♥❢♦♦❞ ✐♥✢❛t✐♦♥ ✭s✐♥❝❡ ωNH < ωH✮✳ ❚❤❡ r❡❛s♦♥ ✐s t❤❛t ♥♦♥✲
❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s t✉r♥ t❤❡ ❞❡♠❛♥❞ ❢♦r ❢♦♦❞ ♠♦r❡ ✐♥❝♦♠❡ ✐♥❡❧❛st✐❝ r❡❧❛t✐✈❡ t♦ ♥♦♥❢♦♦❞✳ ❉❡❝r❡❛s✐♥❣
r❡t✉r♥s ❢♦r t❤❡✐r ♣❛rt ❝r❡❛t❡ ❛ ❧✐♥❦ ❜❡t✇❡❡♥ s❡❝t♦r❛❧ ♦✉t♣✉t ❛♥❞ s❡❝t♦r❛❧ ♠❛r❣✐♥❛❧ ❝♦sts ✭❛♥❞ ❤❡♥❝❡✱
s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥✮✳✷✵ ❙✐♥❝❡ ❢♦♦❞ ❞❡♠❛♥❞ ✐s r❡❧❛t✐✈❡❧② ❧❡ss s❡♥s✐t✐✈❡ t♦ ✐♥❝♦♠❡ s♦ ❛r❡ ❢♦♦❞ ♣r✐❝❡s✱ ❤❡♥❝❡
t❤❡ r❡❞✉❝❡❞ s❧♦♣❡ ♦❢ t❤❡ P❤✐❧❧✐♣s ❝✉r✈❡ ❢♦r ❢♦♦❞✳ ●♦✐♥❣ ❜❛❝❦ t♦ ❋✐❣✉r❡ ✹✱ t❤✐s ♠❡❛♥s t❤❛t ✐♥❞✉❝✐♥❣ ❛
♥❡❣❛t✐✈❡ ❣❛♣ ✐♥ ♦✉t♣✉t ✇✐❧❧ tr❛♥s❧❛t❡ ✐♥t♦ s♠❛❧❧ ❣❛✐♥s ✐♥ t❡r♠s ♦❢ ❝♦♥t❛✐♥✐♥❣ ❢♦♦❞ ✐♥✢❛t✐♦♥ r❡❧❛t✐✈❡ t♦
❧♦ss❡s ❛ss♦❝✐❛t❡❞ t♦ ❞❡✢❛t✐♦♥ ✐♥ t❤❡ ♥♦♥❢♦♦❞ s❡❝t♦r t❤❛t t❤❡ ♦✉t♣✉t ❝♦♥tr❛❝t✐♦♥ ✇♦✉❧❞ ♣r♦✈♦❦❡✳ ❆s ❛
❝♦♥s❡q✉❡♥❝❡✱ st❛❜✐❧✐③✐♥❣ ❢♦♦❞ ✐♥✢❛t✐♦♥ ❜❡❝♦♠❡s ❧❡ss ❞❡s✐r❛❜❧❡✳ ❚❤✐s ✐s t❤❡ s❡❝♦♥❞ r❡❛s♦♥ ✇❡ ❤✐❣❤❧✐❣❤t❡❞
✐♥ t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ❢♦r t❤❡ ♦♣t✐♠❛❧✐t② ♦❢ ❛ ❧✐♠✐t❡❞ r❡s♣♦♥s❡ t♦ ❢♦♦❞ ✐♥✢❛t✐♦♥✿ ❛s t❤❡ ❞❡♠❛♥❞ ❢♦r ❢♦♦❞
❜❡❝♦♠❡s ✐♥s❡♥s✐t✐✈❡ t♦ ♠♦♥❡t❛r② ♣♦❧✐❝②✱ ❢♦♦❞ ✐♥✢❛t✐♦♥ ❜❡❝♦♠❡s ❞✐✣❝✉❧t t♦ ❝♦♥tr♦❧✱ ✇❤✐❝❤ r❡♥❞❡rs ✐ts
st❛❜✐❧✐③❛t✐♦♥ ♦✈❡r❧② ❝♦st❧②✳
❉❡❝r❡❛s✐♥❣ r❡t✉r♥s ❛r❡ ❢✉♥❞❛♠❡♥t❛❧ ❢♦r ♦✉r ♦✉t❝♦♠❡ ❛s t❤❡② ✐♠♣❧② ❛ ❝♦♠♦✈❡♠❡♥t ❜❡t✇❡❡♥ s❡❝t♦r❛❧
♠❛r❣✐♥❛❧ ❝♦st ❛♥❞ s❡❝t♦r❛❧ ♦✉t♣✉t✳ ◆♦t✐❝❡ ❤♦✇❡✈❡r t❤❛t t❤❡② ❛r❡ ♥♦t ❛ ♥❡❝❡ss❛r② ❝♦♥❞✐t✐♦♥ t♦ ♦❜t❛✐♥
s✉❝❤ ❝♦♠♦✈❡♠❡♥t✳ ❋♦r ✐♥st❛♥❝❡✱ r❡❧❛①✐♥❣ ♦✉r ❛ss✉♠♣t✐♦♥ ♦❢ ♣❡r❢❡❝t ❧❛❜♦r ♠♦❜✐❧✐t② ♦r ✐♥tr♦❞✉❝✐♥❣ s❡❝t♦r
s♣❡❝✐✜❝ ❝❛♣✐t❛❧ ✇♦✉❧❞ ❜❡ ❛ss♦❝✐❛t❡❞ t♦ ❛ ♣♦s✐t✐✈❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ s❡❝t♦r❛❧ ♦✉t♣✉t ❛♥❞ s❡❝t♦r❛❧ ❢❛❝t♦r
❝♦sts✳ ❚❤✐s ✐♥ t✉r♥ ✐♠♣❧✐❡s ❛ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ s❡❝t♦r❛❧ ♦✉t♣✉t ❛♥❞ s❡❝t♦r❛❧ ♠❛r❣✐♥❛❧ ❝♦sts✱ ❡✈❡♥
✐♥ ❛ ♠♦❞❡❧ ❢❡❛t✉r✐♥❣ ❝♦♥st❛♥t r❡t✉r♥s t♦ s❝❛❧❡✳
❆s ❛ ❧❛st r❡♠❛r❦✱ ♥♦t✐❝❡ t❤❛t ❛ ❜✐❛s t♦✇❛r❞s t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♦❢ ♥♦♥❢♦♦❞ ✐♥✢❛t✐♦♥ ✐s ❛❧s♦ ❛❞✈✐s❡❞
❛❢t❡r ❛ s❤♦❝❦ t♦ ♥♦♥❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② ✭♥♦t s❤♦✇♥✮✳
✶✽❲❡ s❡t α = 0.25✱ ❛s ✐♥ t❤❡ ❜❛s❡❧✐♥❡ ❝❛❧✐❜r❛t✐♦♥✳
✶✾❚❤❡ ♦♣t✐♠❛❧ ❘❛♠s❡② ♣♦❧✐❝② ✐s ❝♦♠♣✉t❡❞ ❜② ♠❛①✐♠✐③✐♥❣ ❤♦✉s❡❤♦❧❞s✬ ❧✐❢❡t✐♠❡ ✉t✐❧✐t② s✉❜❥❡❝t t♦ t❤❡ ♥♦♥✲❧✐♥❡❛r s②st❡♠
❞❡s❝r✐❜✐♥❣ t❤❡ ♣r✐✈❛t❡ s❡❝t♦r ♦♣t✐♠❛❧✐t② ❝♦♥❞✐t✐♦♥s✳
✷✵❲❤❡♥ α = 0 s❡❝t♦r❛❧ ♠❛r❣✐♥❛❧ ❝♦sts ❞❡♣❡♥❞ ♦♥ ❛❣❣r❡❣❛t❡ r❛t❤❡r t❤❛♥ s❡❝t♦r❛❧ ♦✉t♣✉t✳ ❚❤✐s ✐s s♦ ❜❡❝❛✉s❡✱ ✉♥❞❡r ♦✉r
❛ss✉♠♣t✐♦♥ ♦❢ ♣❡r❢❡❝t ❧❛❜♦r ♠♦❜✐❧✐t②✱ ✇❛❣❡s ✭❛♥❞ ❤❡♥❝❡ ♠❛r❣✐♥❛❧ ❝♦sts✮ ✐♥ s❡❝t♦r s ❞❡♣❡♥❞ ♦♥ ❛❣❣r❡❣❛t❡ ❡♠♣❧♦②♠❡♥t ✭❛♥❞
♦✉t♣✉t✮✱ r❛t❤❡r t❤❛♥ ❡♠♣❧♦②♠❡♥t ✐♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ s❡❝t♦r✳
✷✶










Homothetic preferences Non-homothetic preferences


































❋✐❣✉r❡ ✹✿ ❖♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r ❝♦♠♠✐t♠❡♥t ❛❢t❡r ❛ s❤♦❝❦ t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② ✭α > 0✮
✹✳✹ ❚❤❡ ♦♣t✐♠❛❧ ❚❛②❧♦r r✉❧❡
■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ❝♦♠♣✉t❡ t❤❡ ♦♣t✐♠❛❧ Ω ❛ss✉♠✐♥❣ t❤❛t t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❢♦❧❧♦✇s ❛ ❚❛②❧♦r r✉❧❡✳ ▼♦r❡
♣r❡❝✐s❡❧②✱ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❝❤♦♦s❡s t❤❡ ✇❡✐❣❤t ♦♥ ❢♦♦❞ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ t❛r❣❡t ✐♥❞❡① ✇❤✐❧❡ φπ ✐s ❦❡♣t
✜①❡❞ t♦ ✐ts ❜❛s❡❧✐♥❡ ❝❛❧✐❜r❛t✐♦♥✳ ❲❡ ❛❧❧♦✇ ❢♦r ❜♦t❤ ❢♦♦❞ ❛♥❞ ♥♦♥❢♦♦❞ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦s ❛s s♦✉r❝❡s ♦❢
✢✉❝t✉❛t✐♦♥s✳
❚❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ❛ss✐❣♥s ❛ ✇❡✐❣❤t ♦❢ ♦♥❧② 0.28 t♦ ❢♦♦❞ ✐♥✢❛t✐♦♥✱ s✐❣♥✐✜❝❛♥t❧② ❜❡❧♦✇ t❤❡ 0.5 ♣r❡✲
s❝r✐❜❡❞ ✉♥❞❡r ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ❲❡ ❝♦♥❝❧✉❞❡ t❤❛t ❛ ❜✐❛s t♦✇❛r❞s t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♦❢ ♥♦♥❢♦♦❞
✐♥✢❛t✐♦♥ ✐s ❛❧s♦ ❛❞✈✐s❡❞ ✇❤❡♥ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❢♦❧❧♦✇s ❛ ❚❛②❧♦r r✉❧❡✳ ◆❡①t✱ ✇❡ s❡❡❦ t♦ ✉♥❞❡rst❛♥❞ t❤✐s
r❡s✉❧t✳
❚❤❡ r♦❧❡ ♦❢ ✐♥✢❛t✐♦♥ ❡①♣❡❝t❛t✐♦♥s
❚❤✐s s✉❜s❡❝t✐♦♥ ❡①♣❧♦r❡s ❛♥ ❛❞❞✐t✐♦♥❛❧ r♦❧❡ ♦❢ ♣r❡❢❡r❡♥❝❡s✳ ❋r♦♠ ✭✶✵✮ ✇❡ ❦♥♦✇ t❤❛t ❛ ♠♦❞✐✜❡❞ ❊✉❧❡r
❡q✉❛t✐♦♥ ❛r✐s❡s ✉♥❞❡r ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t②✳ ❚❤❡ ❊✉❧❡r r❡❧❛t✐♦♥ t❡❧❧ ✉s t❤❛t ❛❣❣r❡❣❛t❡ ❝♦♥s✉♠♣t✐♦♥ ❞❡♠❛♥❞
r❡s♣♦♥❞s t♦ ❡①♣❡❝t❡❞ ✐♥✢❛t✐♦♥✱ ❤❡r❡ ❣✐✈❡♥ ❜② Etπ
∗
t+1✱ ❢♦r ✐t ❞❡t❡r♠✐♥❡s t❤❡ r❡❛❧ ✐♥t❡r❡st r❛t❡✳ ❆s ♥♦t❡❞
❡❛r❧✐❡r✱ t❤❡ ✐♥✢❛t✐♦♥ ✐♥❞❡① t❤❛t ✐s r❡❧❡✈❛♥t ❢♦r ✐♥t❡rt❡♠♣♦r❛❧ ❛❧❧♦❝❛t✐♦♥✱ π∗t ✱ ✇❡✐❣❤ts s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥
❛❝❝♦r❞✐♥❣ t♦ t❤❡ ♠❛r❣✐♥❛❧ r❛t❤❡r t❤❛♥ t❤❡ ❛✈❡r❛❣❡ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡s✳ ■t ❢♦❧❧♦✇s t❤❛t ✐♥ ❛ ♥♦♥✲❤♦♠♦t❤❡t✐❝
❡❝♦♥♦♠② t❤❡ ❡①♣❡❝t❡❞ ❡✈♦❧✉t✐♦♥ ♦❢ ❢♦♦❞ ✐♥✢❛t✐♦♥ ❤❛s ❛ r❡❞✉❝❡❞ ✐♠♣❛❝t ♦♥ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ✭❣✐✈❡♥
✷✷
ωNH < ωH)✳ ❚❤✐s ✐s ❧♦❣✐❝❛❧✱ ❛s t❤❡ ♣❛t❤ ♦❢ ❢♦♦❞ ♣r✐❝❡s ♦♥❧② ❛✛❡❝ts ❢♦♦❞ ❞❡♠❛♥❞✱ ✇❤✐❝❤ ❤❛s ❛ r❡❞✉❝❡❞
♣❛rt✐❝✐♣❛t✐♦♥ ✐♥ t❤❡ ♠❛r❣✐♥❛❧ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✳ ❆❣❛✐♥st t❤✐s ❜❛❝❦❣r♦✉♥❞✱ ✇❡ s❡❡❦ t♦ t❡st ✇❤❡t❤❡r
t❤❡ ✐♠♣❧✐❡❞ ❧♦✇ s❡♥s✐t✐✈✐t② ♦❢ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ t♦ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ❢♦♦❞ ♣r✐❝❡s r❡❞✉❝❡s t❤❡ ❞❡s✐r❛❜✐❧✐t②
♦❢ r❡❛❝t✐♥❣ t♦ ✐♥✢❛t✐♦♥ ✐♥ t❤❛t s❡❝t♦r✳ ■♥ s✉❝❤ ❛ ❝❛s❡✱ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ❢♦r t❤❡
✐♥❞❡① t❤❛t s❤❛♣❡s ❤♦✉s❡❤♦❧❞s✬ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ♠✐❣❤t ❝♦♥st✐t✉t❡ ❛ ❢❛❝t♦r t❤❛t ❡①♣❧❛✐♥s t❤❡ ♦♣t✐♠❛❧✐t②
♦❢ ❛tt❛❝❤✐♥❣ ❛ ❧♦✇ ✇❡✐❣❤t t♦ ❢♦♦❞ ✐♥ t❤❡ t❛r❣❡t ✐♥❞❡①✳ ❲❡ ❡①♣❧♦r❡ t❤✐s ❝❤❛♥♥❡❧ ♥❡①t✳✷✶
❚♦ ❛ss❡s ✇❤❡t❤❡r ✐♥✢❛t✐♦♥ ❡①♣❡❝t❛t✐♦♥s ♣❧❛② ❛ r♦❧❡✱ ✇❡ ♣❡r❢♦r♠ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡①❡r❝✐s❡✳ ❈♦♥s✐❞❡r ❛
s❡t✉♣ ✇❤❡r❡ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ♥❡✉tr❛❧✐③❡s ❛♥② ❡✛❡❝t ❢r♦♠ ✐♥✢❛t✐♦♥ ❡①♣❡❝t❛t✐♦♥s ♦♥ ❤♦✉s❡❤♦❧❞s ❞❡♠❛♥❞
❜② ♠♦✈✐♥❣ t❤❡ ♥♦♠✐♥❛❧ r❛t❡ ♦♥❡ t♦ ♦♥❡ ✇✐t❤ t❤❡ ❧❛tt❡r✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ❧❡t ✉s ❛ss✉♠❡ ❛ r❡❛❝t✐♦♥ ❢✉♥❝t✐♦♥
♦❢ t❤❡ ❢♦r♠ r̂t = Etπ
∗
t+1 + φπ (Ωπf,t + (1− Ω) πn,t)✳ ❇② ❝♦♠♣✉t✐♥❣ t❤❡ ♦♣t✐♠❛❧ ✇❡✐❣❤t ♦♥ ❢♦♦❞ ✐♥✢❛t✐♦♥
✐♥ t❤✐s s❡tt✐♥❣ ✇❡ ♦❜t❛✐♥ ❛♥ ♦♣t✐♠❛❧ Ω ♦❢ 0.55✱ t❤❛t ✐s✱ t❤❡ ❜✐❛s t♦✇❛r❞s t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♦❢ ♥♦♥❢♦♦❞
✐♥✢❛t✐♦♥ ✈❛♥✐s❤❡s✳✷✷ ❖✉r r❡s✉❧ts t❤✉s ✐♥❞✐❝❛t❡ t❤❛t ♣r❡❢❡r❡♥❝❡s ♣❧❛② ❛♥ ❛❞❞✐t✐♦♥❛❧ r♦❧❡ ❜② s❤❛♣✐♥❣ t❤❡
r❡❧❡✈❛♥t ♣r✐❝❡ ✐♥❞❡① ❢♦r ✐♥t❡rt❡♠♣♦r❛❧ ❛❧❧♦❝❛t✐♦♥✳ ❚❤✐s ✐s t❤❡ t❤✐r❞ r❡❛s♦♥ ✇❡ str❡ss❡❞ ✐♥ t❤❡ ✐♥tr♦❞✉❝t✐♦♥
❢♦r t❤❡ ❞❡s✐r❛❜✐❧✐t② ♦❢ ❛ ❧✐♠✐t❡❞ r❡s♣♦♥s❡ t♦ ❢♦♦❞ ✐♥✢❛t✐♦♥✿ ❛s ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ t✉r♥s ❧❡ss r❡s♣♦♥s✐✈❡ t♦
t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ❢♦♦❞ ♣r✐❝❡s✱ r❡❛❝t✐♥❣ t♦ ✐♥✢❛t✐♦♥ ✐♥ t❤✐s s❡❝t♦r ❜❡❝♦♠❡s ❧❡ss ✐♠♣♦rt❛♥t✳
✹✳✺ ❖♣t✐♠❛❧ ♣♦❧✐❝② ✇✐t❤ ❛❣❣r❡❣❛t❡ s❤♦❝❦s
◆❡①t ✇❡ ❡①♣❧♦r❡ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ✇❤❡♥ s❤♦❝❦s t♦ ❛❣❣r❡❣❛t❡
♣r♦❞✉❝t✐✈✐t② ❤✐t t❤❡ ❡❝♦♥♦♠②✳ ❲✐t❤ ❛❣❣r❡❣❛t❡ s❤♦❝❦s✱ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ❛❧t❡rs t❤❡ ❜❡❤❛✈✐♦r ♦❢ t❤❡
❡❝♦♥♦♠② ❞✉❡ t♦ ✐ts ❡✛❡❝ts ♦♥ t❤❡ ❞②♥❛♠✐❝s ♦❢ ♥❛t✉r❛❧ r❡❧❛t✐✈❡ ♣r✐❝❡s✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ❛ss✉♠✐♥❣ ❛
❝♦♠♠♦♥ s❤♦❝❦ t❤❡ ♥❛t✉r❛❧ r❡❧❛t✐✈❡ ♣r✐❝❡ ✐s ❣✐✈❡♥ ❜②
p̂nr,t = (1−Υp) at.
✷✸
❲❤❡♥ ♣r❡❢❡r❡♥❝❡s ❛r❡ ❤♦♠♦t❤❡t✐❝ ✇❡ ❤❛✈❡ Υp = 1✱ ❛♥❞ t❤❡r❡❢♦r❡✱ p̂
n
r,t = 0✳ ❉✐✛❡r❡♥t❧②✱ ✇✐t❤ ♥♦♥✲
❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s Υp > 1 ❤♦❧❞s✱ ❛♥❞ t❤✉s✱ p̂
n
r,t 6= 0✳
■♥t✉✐t✐✈❡❧②✱ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② r❡s✉❧ts ✐♥ ✈❛r✐❛t✐♦♥s ♦❢ t❤❡ ♥❛t✉r❛❧ r❡❧❛t✐✈❡ ♣r✐❝❡ ❛s ✐t ❡♥t❛✐❧s ❛ ❞✐✛❡r✲
❡♥t✐❛t❡❞ s❡♥s✐t✐✈✐t② ♦❢ s❡❝t♦r❛❧ ♦✉t♣✉ts t♦ t❤❡ s❤♦❝❦✳ ❙✐♥❝❡ t❤❡ ❡❝♦♥♦♠② ✐s ❝❧♦s❡ t♦ s✉❜s✐st❡♥❝❡✱ ❢♦♦❞
♦✉t♣✉t ✐s ❧❡ss r❡s♣♦♥s✐✈❡ t❤❛♥ ♣r♦❞✉❝t✐♦♥ ✐♥ t❤❡ ♥♦♥❢♦♦❞ s❡❝t♦r✳ ●✐✈❡♥ t❤❡ ❞❡❝r❡❛s✐♥❣ r❡t✉r♥s t♦ ❧❛❜♦r✱
t❤✐s ✐♠♣❧✐❡s t❤❛t ♠❛r❣✐♥❛❧ ❝♦sts ❛♥❞✱ t❤❡r❡❢♦r❡✱ ♣r✐❝❡s ✐♥ t❤❡ ❢♦♦❞ s❡❝t♦r ❛r❡ r❡❧❛t✐✈❡❧② ❧❡ss s❡♥s✐t✐✈❡✳
❚❤❡♥✱ t❤❡ ♥❛t✉r❛❧ r❡❧❛t✐✈❡ ♣r✐❝❡ ✈❛r✐❡s✳
✷✶◆♦t✐❝❡ t❤❛t ✐♥ t❤❡ ❘❛♠s❡② ♣♦❧✐❝② ❛♥❛❧②s✐s t❤✐s ❢❡❛t✉r❡ ♦❢ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② ✇❛s ✐rr❡❧❡✈❛♥t s✐♥❝❡ t❤❡ ❊✉❧❡r ❡q✉❛t✐♦♥
❞♦❡s ♥♦t ❛✛❡❝t t❤❡ ♦♣t✐♠❛❧ ♣❛t❤ ♦❢ ♠❛❝r♦ ✈❛r✐❛❜❧❡s✳ ■♥ s✉❝❤ ♣♦❧✐❝② ❡①❡r❝✐s❡✱ t❤❡ ❊✉❧❡r ❡q✉❛t✐♦♥ ✉♥✐q✉❡❧② ❞❡t❡r♠✐♥❡s t❤❡
♣❛t❤ ♦❢ t❤❡ ♣♦❧✐❝② r❛t❡ r❡q✉✐r❡❞ t♦ ✐♠♣❧❡♠❡♥t t❤❡ ❘❛♠s❡② ♣r❡s❝r✐♣t✐♦♥✳ ❲❤❡♥ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❢♦❧❧♦✇s ❛ ❚❛②❧♦r r✉❧❡✱
❤♦✇❡✈❡r✱ t❤❡ ❊✉❧❡r ❡q✉❛t✐♦♥ ❞❡t❡r♠✐♥❡s t❤❡ ❡q✉✐❧✐❜r✐✉♠ ❞②♥❛♠✐❝s ❛❢t❡r ❛ s❤♦❝❦✳
✷✷❚❤❡ ❢❛❝t t❤❛t t❤❡ ♦♣t✐♠❛❧ Ω ❣♦❡s ❜❡②♦♥❞ 0.5 ✐♥❞✐❝❛t❡s t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛♥ ❛❞❞✐t✐♦♥❛❧ ❢♦r❝❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ♥♦♥✲
❤♦♠♦t❤❡t✐❝✐t② ✇❤♦s❡ ❡✛❡❝t ♦♣♣♦s❡s t❤❛t ♦❢ ❡①♣❡❝t❛t✐♦♥s✳
✷✸❍❡r❡ ✇❡ ❛ss✉♠❡ at = af,t = an,t✳
✷✸
●✐✈❡♥ t❤✐s r❡s✉❧t✱ ❡q✉❛t✐♦♥ ✭✷✶✮ t❡❧❧s ✉s t❤❛t t❤❡ ♦♣t✐♠❛❧ ❛❧❧♦❝❛t✐♦♥ ✐s ❛❝❤✐❡✈❛❜❧❡ ✇❤❡♥ ♣r❡❢❡r❡♥❝❡s ❛r❡
❤♦♠♦t❤❡t✐❝✳ ❇② ❝♦♥tr❛st✱ ✐❢ ♣r❡❢❡r❡♥❝❡s ❛r❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ❛❣❣r❡❣❛t❡ s❤♦❝❦s ❛❧t❡r t❤❡ ♥❛t✉r❛❧ r❡❧❛t✐✈❡
♣r✐❝❡✱ ✇❤✐❝❤ ❣✐✈❡s r✐s❡ t♦ ❛ tr❛❞❡✲♦✛ ❢♦r t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t②✳
◆❡①t✱ ❧❡t ✉s ❝♦♥s✐❞❡r t❤❡ r❡s♣♦♥s❡ ♦❢ t❤❡ ❡❝♦♥♦♠② t♦ ❛ ♥❡❣❛t✐✈❡ s❤♦❝❦ t♦ ❛❣❣r❡❣❛t❡ ♣r♦❞✉❝t✐✈✐t② ✉♥❞❡r
t❤❡ ❘❛♠s❡② ♣♦❧✐❝②✱ ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡ ✺✳ ■♥ t❤❡ ❡❝♦♥♦♠② ✇✐t❤ ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s t❤❡ ❝❡♥tr❛❧ ❜❛♥❦
❝❛♥ ❢✉❧❧② st❛❜✐❧✐③❡ t❤❡ ❣❛♣s ✐♥ ♦✉t♣✉t ❛♥❞ r❡❧❛t✐✈❡ ♣r✐❝❡s ❛s ✇❡❧❧ ❛s s❡❝t♦r❛❧ ✐♥✢❛t✐♦♥✳ ■♥ t❤❡ ❡❝♦♥♦♠②
✇✐t❤ ♥♦♥✲❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s t❤❡ ♥❛t✉r❛❧ r❡❧❛t✐✈❡ ♣r✐❝❡ r✐s❡s✱ s✐♥❝❡ t❤❡ ♥❛t✉r❛❧ ❧❡✈❡❧ ♦❢ ♦✉t♣✉t ❢❛❧❧s ❜②
❧❡ss ✐♥ t❤❡ ❢♦♦❞ s❡❝t♦r✳ ❚❤✉s✱ ✐♥✢❛t✐♦♥❛r② ♣r❡ss✉r❡s ❛r❡ ❤✐❣❤❡r ❢♦r ❢♦♦❞ r❡❧❛t✐✈❡ t♦ ♥♦♥❢♦♦❞✳ ❙t❛❜✐❧✐③✐♥❣
❢♦♦❞ ✐♥✢❛t✐♦♥ t❤❡♥ r❡q✉✐r❡s t♦ ✐♥❞✉❝❡ ❛ ❞❡✢❛t✐♦♥ ✐♥ t❤❡ ♥♦♥❢♦♦❞ s❡❝t♦r✳ ❆♥❛❧♦❣♦✉s t♦ t❤❡ ❝❛s❡ ✇✐t❤
s❡❝t♦r❛❧ s❤♦❝❦s✱ ♥♦t✐❝❡ t❤❛t t❤❡ ❘❛♠s❡② ♣♦❧✐❝② ♣r❡s❝r✐❜❡s ❛ ❜✐❛s t♦✇❛r❞s t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♦❢ ♥♦♥❢♦♦❞
✐♥✢❛t✐♦♥✳










Homothetic preferences Non-homothetic preferences






































❋✐❣✉r❡ ✺✿ ❖♣t✐♠❛❧ ♣♦❧✐❝② ✉♥❞❡r ❝♦♠♠✐t♠❡♥t ❛❢t❡r ❛ s❤♦❝❦ t♦ ❛❣❣r❡❣❛t❡ ♣r♦❞✉❝t✐✈✐t②
✺ ◗✉❛♥t✐t❛t✐✈❡ s✐♠✉❧❛t✐♦♥s
✺✳✶ ❈❛❧✐❜r❛t✐♦♥
■♥ ♣r❡✈✐♦✉s s❡❝t✐♦♥s ✇❡ ✐♠♣♦s❡❞ s②♠♠❡tr② ❛❝r♦ss s❡❝t♦rs t♦ ✐s♦❧❛t❡ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣✲
t✐♦♥ r❡q✉✐r❡♠❡♥t✳ ■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ❛❞♦♣t ❛ ♠♦r❡ r❡❛❧✐st✐❝ ❝❛❧✐❜r❛t✐♦♥ ✇✐t❤ t❤❡ ♣✉r♣♦s❡ t♦ q✉❛♥t✐t❛t✐✈❡❧②
✷✹
❛ss❡ss t❤❡ r❡❧❡✈❛♥❝❡ ♦❢ ♣♦❧✐❝② ♣r❡s❝r✐♣t✐♦♥s ✉♥❞❡r ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t②✳ P❛rt✐❝✉❧❛r❧②✱ ✇❡ ❛ss✉♠❡ t❤❛t ❢♦♦❞
♣r✐❝❡s ❛r❡ ♠♦r❡ ✢❡①✐❜❧❡ r❡❧❛t✐✈❡ t♦ ♥♦♥❢♦♦❞✳ ❇❛s❡❞ ♦♥ r❡s✉❧ts ✐♥ ❆❧✈❛r❡③ ❡t ❛❧✳ ✭✷✵✵✻✮✱ ✇❤♦ ✜♥❞ t❤❛t ❢♦♦❞
♣r✐❝❡s ✭✐♥❝❧✉❞✐♥❣ ♣r♦❝❡ss❡❞ ❛♥❞ ✉♥♣r♦❝❡ss❡❞ ♣r♦❞✉❝ts✮ ❛r❡ r❡✈✐s❡❞ r♦✉❣❤❧② t✇✐❝❡ ❛s ❢r❡q✉❡♥t❧② ❛s ♥♦♥❢♦♦❞
♣r✐❝❡s✱ ✇❡ s❡t θf = 0.5 ❛♥❞ θn = 0.75✳ ❋♦❧❧♦✇✐♥❣ ❆♥❛♥❞ ❡t ❛❧✳ ✭✷✵✶✺✮ ✇❡ s❡t η = 0.4✱ ✐✳❡✳✱ ✇❡ st✉❞② ❛♥
❡❝♦♥♦♠② ✇❤❡r❡ t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞ ✐♥ t♦t❛❧ ❡①♣❡♥❞✐t✉r❡ ✐s 40%✳ ❙✉❝❤ ♣❛r❛♠❡tr✐③❛t✐♦♥ ✐s ❝♦♥s✐st❡♥t ✇✐t❤
t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥ ✐♥ ❡♠❡r❣✐♥❣ ❡❝♦♥♦♠✐❡s✳ ❲❡ ❝♦♥s✐❞❡r s❤♦❝❦s t♦ ❢♦♦❞ ♣r♦❞✉❝t✐✈✐t②✳ ❚❤❡
♣r♦❞✉❝t✐✈✐t② ♣r♦❝❡ss ♣❛r❛♠❡t❡rs ❛r❡ s❡t t♦ ρf = 0.7 ❛♥❞ σvf = 0.04✱ r❡✢❡❝t✐♥❣ ❧❛r❣❡✱ s❤♦rt ❧✐✈❡❞✱ s❤♦❝❦s
✐♥ t❤❡ ❢♦♦❞ s❡❝t♦r✳ ❚❤❡ r❡♠❛✐♥✐♥❣ ♣❛r❛♠❡t❡rs ❛r❡ s❡t ❛s ✐♥ t❤❡ ❜❛s❡❧✐♥❡ ❝❛❧✐❜r❛t✐♦♥✳
✺✳✷ ❈♦r❡ ✈❡rs✉s ❤❡❛❞❧✐♥❡ ✐♥✢❛t✐♦♥
❖♥❡ ♦❢ t❤❡ ❦❡② t❛s❦s ♦❢ ❝❡♥tr❛❧ ❜❛♥❦❡rs ✐s t♦ ❞❡✜♥❡ ❛ ♠❡❛s✉r❡ ♦❢ ✐♥✢❛t✐♦♥ t♦ t❛r❣❡t✳ ❚❤❡r❡ ✐s ❛ ❞❡❜❛t❡
♦♥ ✇❤❡t❤❡r ❛ r❡s♣♦♥s❡ t♦ ✐♥✢❛t✐♦♥ ❢r♦♠ s❡❝t♦rs ❝❤❛r❛❝t❡r✐③❡❞ ❜② ❤✐❣❤❧② ✈♦❧❛t✐❧❡ ♣r✐❝❡s ✐s ❞❡s✐r❛❜❧❡ ✭s❡❡
❢♦r ✐♥st❛♥❝❡ ❲②♥♥❡ ✭✷✵✵✽✮✮✳ ❖♥❡ ♦❢ s✉❝❤ s❡❝t♦rs s❤♦✇✐♥❣ ❤✐❣❤ ♣r✐❝❡ ✈❛r✐❛❜✐❧✐t② ✐s ❢♦♦❞ ♣r♦❞✉❝t✐♦♥✳
❚❛❦✐♥❣ ✈♦❧❛t✐❧✐t② ❛s ❛ ❝r✐t❡r✐❛✱ t✇♦ t②♣✐❝❛❧ t❛r❣❡t ♠❡❛s✉r❡s ❡♠❡r❣❡✿ ❝♦r❡ ✐♥✢❛t✐♦♥✱ ✇❤✐❝❤ ❡①❝❧✉❞❡s ❤✐❣❤❧②
✈♦❧❛t✐❧❡ ♣r✐❝❡s✱ ❛♥❞ ❤❡❛❞❧✐♥❡ ✐♥✢❛t✐♦♥✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡s ♣r✐❝❡s ♦❢ t❤❡ ❡♥t✐r❡ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✳ ●✐✈❡♥
t❤✐s ❞❡❜❛t❡✱ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡①❡r❝✐s❡ ✇❡ ❝♦♠♣❛r❡ ❝♦r❡ ✈❡rs✉s ❤❡❛❞❧✐♥❡ ✐♥✢❛t✐♦♥ t❛r❣❡t✐♥❣ ✇✐t❤✐♥ ♦✉r
❢r❛♠❡✇♦r❦✳ ❯♥❞❡r t❤❡ ❝♦r❡ t❛r❣❡t✐♥❣ r❡❣✐♠❡ ❛ ③❡r♦ ✇❡✐❣❤t ✐s ❛ss✐❣♥❡❞ ✐♥ t❤❡ ❚❛②❧♦r r✉❧❡ t♦ ❢♦♦❞✱ ✇❤✐❝❤
✐s t❤❡ s❡❝t♦r ❝❤❛r❛❝t❡r✐③❡❞ ❜② ❤✐❣❤❡r ♣r✐❝❡ ✢❡①✐❜✐❧✐t②✳ ❲❤❡♥ t❛r❣❡t✐♥❣ ❤❡❛❞❧✐♥❡ ✐♥✢❛t✐♦♥✱ ✇❡ s❡t Ω = 0.4
t♦ r❡✢❡❝t t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞ ✐♥ t♦t❛❧ ❤♦✉s❡❤♦❧❞s✬ ❡①♣❡♥❞✐t✉r❡✳
❲❡ ❝♦♠♣✉t❡ ❤♦✉s❡❤♦❧❞s✬ ✇❡❧❢❛r❡ ✉♥❞❡r t❤❡ t✇♦ ❞✐✛❡r❡♥t r❡❣✐♠❡s r❡❧❛t✐✈❡ t♦ t❤❡ ❘❛♠s❡② ♦♣t✐♠❛❧
♣♦❧✐❝②✳ ❲❡ ❞❡♥♦t❡ ❜② Λ t❤❡ ✉t✐❧✐t② ❧♦ss ❛ss♦❝✐❛t❡❞ t♦ t❤❡ ❛❞♦♣t✐♦♥ ♦❢ ❛ ♣❛rt✐❝✉❧❛r ❚❛②❧♦r r✉❧❡ r❡❧❛t✐✈❡ t♦
t❤❡ ♦♣t✐♠❛❧ ❘❛♠s❡② ♣♦❧✐❝②✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ❛s ✐♥ ❙❝❤♠✐tt✲●r♦❤❡ ❛♥❞ ❯r✐❜❡ ✭✷✵✵✼✮✱ Λ ✐s ❞❡✜♥❡❞ ❛s t❤❡
❢r❛❝t✐♦♥ ♦❢ ❝♦♥s✉♠♣t✐♦♥ ✉♥❞❡r t❤❡ ❘❛♠s❡② ♣♦❧✐❝② t❤❛t ❤♦✉s❡❤♦❧❞s✬ s❤♦✉❧❞ r❡♥♦✉♥❝❡ ❢♦r ✇❡❧❢❛r❡ ✉♥❞❡r
t❤❡ ♦♣t✐♠❛❧ ♣♦❧✐❝② ❛♥❞ t❤❡ ❛❧t❡r♥❛t✐✈❡ r❡❣✐♠❡ t♦ ❜❡ ❡q✉❛t❡❞✱ ✐✳❡✳✱















✇❤❡r❡ T ❛♥❞ R ❞❡♥♦t❡ ✈❛r✐❛❜❧❡s ✉♥❞❡r t❤❡ ❚❛②❧♦r r✉❧❡ ❛♥❞ t❤❡ ❘❛♠s❡② ♣♦❧✐❝② r❡❣✐♠❡s✱ r❡s♣❡❝t✐✈❡❧②✳
Λ ❝❛♥ ❜② ❝♦♠♣✉t❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❢♦❧❧♦✇✐♥❣ ❢♦r♠✉❧❛✷✹





❘❡s✉❧ts ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✶✳ ❆s ❜❡❢♦r❡✱ ✇❡ ❝♦♠♣❛r❡ ❛♥ ❡❝♦♥♦♠② ❢❡❛t✉r✐♥❣ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② t♦ ❛
❜❡♥❝❤♠❛r❦ ❡❝♦♥♦♠② ❝❤❛r❛❝t❡r✐③❡❞ ❜② ❤♦♠♦t❤❡t✐❝ ♣r❡❢❡r❡♥❝❡s✳ ❲❡ ❝❛♥ ♦❜s❡r✈❡ t❤❛t ♠♦✈✐♥❣ ❢r♦♠ ❝♦r❡





❛r❡ ❛♣♣r♦①✐♠❛t❡❞ ❜② ❝♦♠♣✉t✐♥❣ t❤❡ s❡❝♦♥❞ ♦r❞❡r ❛❝❝✉r❛t❡ s♦❧✉t✐♦♥ ♦❢ t❤❡ ♠♦❞❡❧✳
✷✺
t♦ ♦✉r ❜❡♥❝❤♠❛r❦ ❡❝♦♥♦♠②✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ❧♦ss❡s ✐♥❝r❡❛s❡ r❡s♣❡❝t✐✈❡❧② ❜② 0.27%✷✺ ❛♥❞ 0.1% ♦❢ st❡❛❞②
st❛t❡ ❝♦♥s✉♠♣t✐♦♥ ✇❤❡♥ s✇✐t❝❤✐♥❣ t♦ ❤❡❛❞❧✐♥❡ t❛r❣❡t✐♥❣✳ ❚❤✐s ♦✉t❝♦♠❡ ✐s ♥♦t s✉r♣r✐s✐♥❣ t❛❦✐♥❣ ✐♥t♦
❛❝❝♦✉♥t ♦✉r ❞✐s❝✉ss✐♦♥ ✐♥ ♣r❡✈✐♦✉s s❡❝t✐♦♥s✳ ◆❛♠❡❧②✱ t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ✢❡①✐❜❧❡ ♣r✐❝❡s ❛♥❞ ❛ ♠✐♥✐♠✉♠
❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ✐♥ t❤❡ ❢♦♦❞ s❡❝t♦r t✉r♥ t❤❡ r❡s♣♦♥s❡ t♦ ❢♦♦❞ ✐♥✢❛t✐♦♥ ♣❛rt✐❝✉❧❛r❧② ❝♦st❧② ✇❤❡♥
♣r❡❢❡r❡♥❝❡s ❛r❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝✳
❚❛❜❧❡ ✶ ❛❧s♦ ❞✐s♣❧❛②s t❤❡ s✐♠✉❧❛t✐♦♥s ❢♦r ❛♥ ❛❧t❡r♥❛t✐✈❡ ❝❛❧✐❜r❛t✐♦♥ ♦❢ t❤❡ ❈❛❧✈♦ ♣❛r❛♠❡t❡r ✐♥ t❤❡
❢♦♦❞ s❡❝t♦r✳ P❛rt✐❝✉❧❛r❧②✱ ✇❡ ❛ss✉♠❡ ❛ ❤✐❣❤❡r ❞❡❣r❡❡ ♦❢ ♣r✐❝❡ ✢❡①✐❜✐❧✐t② ✐♥ ❢♦♦❞✳✷✻ ❙✐♠✐❧❛r r❡s✉❧ts t❤❛♥












❍♦♠♦t❤❡t✐❝ ✵✳✶✪ ✵✳✷✪ ✵✳✶✪
◆♦♥✲❤♦♠♦t❤❡t✐❝ ✵✳✶✺✪ ✵✳✹✷✪ ✵✳✷✼✪
θf = 0.25%
❍♦♠♦t❤❡t✐❝ ✵✳✵✻✪ ✵✳✷✻✪ ✵✳✷✪
◆♦♥✲❤♦♠♦t❤❡t✐❝ ✵✳✶✹✪ ✵✳✻✾✪ ✵✳✹✺✪
❚❛❜❧❡ ✶✿ ❈♦♥s✉♠♣t✐♦♥ ❡q✉✐✈❛❧❡♥t ❧♦ss❡s ✉♥❞❡r ❝♦r❡ ❛♥❞ ❤❡❛❞❧✐♥❡ ✐♥✢❛t✐♦♥ t❛r❣❡t✐♥❣
✻ ❈♦♥❝❧✉s✐♦♥
■♥ t❤✐s ♣❛♣❡r ✇❡ st✉❞② ❤♦✇ ♠♦♥❡t❛r② ♣♦❧✐❝② s❤♦✉❧❞ ❜❡ ❝♦♥❞✉❝t❡❞ ✐♥ ❛ ♠✉❧t✐s❡❝t♦r ♠♦❞❡❧ ✇❤❡r❡ ❛❣❡♥ts✬
♣r❡❢❡r❡♥❝❡s ❛r❡ ♥♦♥✲❤♦♠♦t❤❡t✐❝✳ ◆♦♥✲❤♦♠♦t❤❡t✐❝✐t② ❞❡r✐✈❡s ❢r♦♠ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣✲
t✐♦♥ r❡q✉✐r❡♠❡♥t ❢♦r ❢♦♦❞✱ ✇❤✐❝❤ ❤♦✉s❡❤♦❧❞s ♥❡❡❞ t♦ s❛t✐s❢② ❢♦r s✉❜s✐st❡♥❝❡✳ ❚❤❡ ♠✐♥✐♠✉♠ r❡q✉✐r❡♠❡♥t
r❡s✉❧ts ✐♥ ❛ ❧♦✇❡r✲t❤❛♥✲♦♥❡ ✐♥❝♦♠❡ ❡❧❛st✐❝✐t②✱ ✐♠♣❧②✐♥❣ t❤❛t ❤♦✉s❡❤♦❧❞s ❛✈❡r❛❣❡ ❛♥❞ ♠❛r❣✐♥❛❧ ❡①♣❡♥❞✐t✉r❡
❝♦♠♣♦s✐t✐♦♥ ❞✐✛❡r✱ ❛♥❞ ❛ ♥♦♥✲✉♥✐t❛r② ♣r✐❝❡ ❡❧❛st✐❝✐t②✳
❲❡ ✜♥❞ t❤❛t t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ t❤❡ ♠✐♥✐♠✉♠ ❝♦♥s✉♠♣t✐♦♥ r❡q✉✐r❡♠❡♥t ❛❧t❡rs t❤❡ ♠❡❛s✉r❡ ♦❢ ✐♥✢❛✲
t✐♦♥ t❤❛t t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t② s❤♦✉❧❞ t❛r❣❡t✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ♥♦♥✲❤♦♠♦t❤❡t✐❝✐t② r❡s✉❧ts ✐♥ ❛ r❡❞✉❝❡❞
✇❡✐❣❤t ♦♥ ❢♦♦❞ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ ♦♣t✐♠❛❧ ✐♥❞❡①✳ ❲❡ ✐❞❡♥t✐❢② t❤r❡❡ ♠♦t✐✈❡s ❢♦r s✉❝❤ ♣r❡s❝r✐♣t✐♦♥✳ ❋✐rst✱
t❤✐s t②♣❡ ♣r❡❢❡r❡♥❝❡s t✉r♥s t❤❡ st❛❜✐❧✐③❛t✐♦♥ ♦❢ ❢♦♦❞ ✐♥✢❛t✐♦♥ ❝♦st❧✐❡r✱ ❛s t❤✐s r❡q✉✐r❡s ❧❛r❣❡r ❞❡✈✐❛t✐♦♥s ♦❢
♦✉t♣✉t ❢r♦♠ t❤❡ ❡✣❝✐❡♥t ❧❡✈❡❧✳ ❙❡❝♦♥❞✱ ♣r♦①✐♠✐t② t♦ t❤❡ s✉❜s✐st❡♥❝❡ ❧❡✈❡❧ ✐♠♣❧✐❡s ❛ ❧♦✇ ✐♥❝♦♠❡ ❡❧❛st✐❝✐t②
❢♦r ❢♦♦❞✳ ❚❤✐s tr❛♥s❧❛t❡s ✐♥t♦ ❛ r❡❞✉❝❡❞ s❧♦♣❡ ♦♥ ♦✉t♣✉t ✐♥ t❤❡ P❤✐❧❧✐♣s ❝✉r✈❡ ❢♦r ❢♦♦❞ ✐♥✢❛t✐♦♥✳ ❆s
✷✺❈♦♥s✉♠♣t✐♦♥ ❡q✉✐✈❛❧❡♥t ✇❡❧❢❛r❡ ❧♦ss❡s ❛r❡ ❝♦♠♣✉t❡❞ ✐♥ t❡r♠s ♦❢ st❡❛❞② st❛t❡ ♦✉t♣✉t Y ✳ ❚♦ t❤✐s ❡♥❞✱ Λ ✐s ❛❞❥✉st❡❞
❛❝❝♦r❞✐♥❣ t♦ t❤❡ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ C∗ ❛♥❞ Y ✳
✷✻❚❤✐s ❝♦✉❧❞ r❡✢❡❝t ❛ ❢♦♦❞ s❡❝t♦r ✇❤✐❝❤ ♣r❡❞♦♠✐♥❛♥t❧② ♣r♦❞✉❝❡s ✉♥♣r♦❝❡ss❡❞ ❣♦♦❞s✳
✷✻
❛ ❝♦♥s❡q✉❡♥❝❡✱ ❛ ♠♦r❡ ❛❣❣r❡ss✐✈❡ ♣♦❧✐❝② ✐s r❡q✉✐r❡❞ t♦ ❝♦♥tr♦❧ ✐♥✢❛t✐♦♥ ✐♥ t❤✐s s❡❝t♦r✳ ❚❤✐s ✐♠♣♦s❡s
❝♦sts✱ ❛s ❛ str♦♥❣❡r r❡s♣♦♥s❡ ♦❢ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❝❛♥ ❞❡st❛❜✐❧✐③❡ t❤❡ r❡st ♦❢ t❤❡ ❡❝♦♥♦♠②✳ ❋✐♥❛❧❧②✱ ❛♥
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❬✷✶❪ ❲②♥♥❡✱ ▼✳✱ ✭✷✵✵✽✮✳ ❈♦r❡ ■♥✢❛t✐♦♥✿ ❆ ❘❡✈✐❡✇ ♦❢ ❙♦♠❡ ❈♦♥❝❡♣t✉❛❧ ■ss✉❡s✳ ❋❡❞❡r❛❧ ❘❡s❡r✈❡ ❇❛♥❦ ♦❢ ❙t✳ ▲♦✉✐s
❘❡✈✐❡✇✱ ✾✵✭✸✱ P❛rt ✷✮✱ ✷✵✺✕✷✷✽✳
✷✽
❆♣♣❡♥❞✐①
❍♦✉s❡❤♦❧❞s ♦♣t✐♠❛❧ ❝♦♥s✉♠♣t✐♦♥ ❛❧❧♦❝❛t✐♦♥







C1−ωn,t − ℵ (Pf,tCf,t + Pn,tCn,t − Et) .










P❧✉❣❣✐♥❣ t❤❡ ♦♣t✐♠❛❧✐t② ❝♦♥❞✐t✐♦♥ ✐♥t♦ t❤❡ ❜✉❞❣❡t ❝♦♥str❛✐♥t ②✐❡❧❞s








P❧✉❣❣✐♥❣ t❤❡ ❛❜♦✈❡ ❡①♣r❡ss✐♦♥s ✐♥ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ✐♥❞❡① ✇❡ ❣❡t
P ∗t C
∗
t = Et − Pf,tC̃f ,





❚❤❡ ❞❡♠❛♥❞ ❢♦r s❡❝t♦r❛❧ ❣♦♦❞s ❝❛♥ t❤❡♥ ❜❡ ❡①♣r❡ss❡❞ ❛s

















































ŷt = ηŷf,t + (1− η) ŷn,t.
❚❤❡ ❛❣❣r❡❣❛t❡ ♣r✐❝❡ ✐♥❞❡①












(πf,t − πt) +
PnYn
PY
(πn,t − πt) .
❙✐♥❝❡ PY = E ✇❡ ♦❜t❛✐♥
πt = ηπf,t + (1− η) πn,t.






t + Pf,tC̃f = Pf,tCf,t + Pn,tCn,t,
✸✵




















































= ω ❛♥❞ PnCn
Ẽ






















❚❤❡ ✢❡①✐❜❧❡ ♣r✐❝❡ ❡❝♦♥♦♠②
❆❜s❡♥t ♥♦♠✐♥❛❧ r✐❣✐❞✐t✐❡s✱ ❛♥❞ ❛ss✉♠✐♥❣ σ = 1 ❛♥❞ αf = αn = α✱ ♦✉r ❡❝♦♥♦♠② ✐s ❞❡s❝r✐❜❡❞ ❜② t❤❡
s②st❡♠ ❜❡❧♦✇✱ ✇❤❡r❡ t❤❡ s✉♣❡rs❝r✐♣t n ❞❡♥♦t❡s ♥❛t✉r❛❧ ❧❡✈❡❧s✳
❋✐r♠s ♦♣t✐♠❛❧ ♣r✐❝✐♥❣ ❝♦♥❞✐t✐♦♥s ❛r❡
(ω̂∗t )
n = ŷnf,t − n̂
n










❚❤❡ ❧❛❜♦r s✉♣♣❧② s❝❤❡❞✉❧❡ ✐s ❣✐✈❡♥ ❜②
(ω̂∗t )
n = (ĉ∗t )





f,t + (1− η) n̂
n
n,t.
❚❤❡ s❡❝t♦r❛❧ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ ✐s
ŷns,t = as,t + (1− α) n̂
n
s,t.





















❇② s♦❧✈✐♥❣ t❤❡ ♣r❡✈✐♦✉s s②st❡♠ ✇❡ ♦❜t❛✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡①♣r❡ss✐♦♥s ❝❤❛r❛❝t❡r✐③✐♥❣ t❤❡ r❡s♣♦♥s❡ ♦❢
t❤❡ ✢❡①✐❜❧❡ ♣r✐❝❡ ❡❝♦♥♦♠② t♦ s❤♦❝❦s
ŷnf,t = Υffaf,t,
ŷnn,t = Υnfaf,t + an,t,
p̂nr,t = −Υpaf,t + an,t,
n̂nt = Υnaf,t,
ŷnt = Υyaf,t + (1− η) an,t,
(ω̂∗t )

























✱ Υy ≡ ηΥff+(1− η)Υnf ❛♥❞Υω ≡
ω
1−α
(
1− α(Υff +
1−ω
ω
Υnf )
)
✳
✸✸
